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Coherent Fusion Theory 
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We propose that energy from nuclear fusion reactions can be coupled to a macroscopic system 
coherently (in the laser sense) through electromagnetic interaction of low energy photons. We 
report progress on the formulation of a theory for two-step reactions in which virtual fusion is 
followed by exothermic incoherent decay. A new type of reaction in which incoherent electron 
capture is followed by coherent fusion is described. 



1. INTRODUCTION 



The claim of Pons and Fleischmann of the obser- 
vation of fusion in an electrolysis cell (1) has been met 
with extreme skepticism by the scientific community. (2) 
The experiment has been exceptionally difficult to re- 
produce/ 3 -^ and no credible theoretical explanation of 
any low temperature fusion mechanism which can ac- 
count for the claimed observations has been given to 
date. 

Based on the reports of fusion at room temperature, 
. we have been seeking new mechanisms in which fusion 
is enhanced in the presence of a lattice. We have pro- 
posed a coherent fusion model for p + d -> 3 He fusion, 
with the nuclear energy being radiated into the lattice 
phonon field, one phonon at a time through electromag- 
netic interaction with the lattice. (8) 

In this work, we report progress on the formulation 
of a model with which we may analyze the reaction 
dynamics of a class of coherent fusion reactions. 

The basic premise of the theory is that off-resonant 
coupling between two fusing nucleons and a macro- 
scopic system can occur through the electromagnetic in- 

Massachusetts Institute of Technology, Research Laboratory of Elec- 
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teraction. An example of such a virtual fusion rea tion 
is 

*H + *H~ fl+ *He'''' (1) 

For example, a proton and a deuteron can fuse conven- 
tionally to 3 He following the emission of a 5.5 MeV 
gamma. If instead a low energy photon is exchanged, 
3 He is still created, but only in a virtual sense. Our 
discussion applies to reactions involving other isotopes 
as well, but due to the low reduced mass and low Z of 
the hydrogen isotopes, we anticipate that non-hydro- 
genic reactions involving charged nucleons will be weaker. 

In the absence of any further reaction pathways, the 
virtual fusion products are essentially non-observable and 
hence of little interest. But exothermic incoherent reac- 
tion pathways exist for most of the virtual fusion prod- 
ucts. The two-step reactions which proceed through virtual 
intermediate states and are of interest here include 

p + p« (2He)v -» d + e* + v e (2) 

p + d ^Hejv -» t + e + + v e (3) 

d + d <->( 4 He)v 3 He + n ( 4 j 
+ p 

d + t ( 5 He)v -> 4 He + n 1 (5) 

t + t ( 6 He)v -> 4 He '+ 2n (6) 

9l64^313^i:0O-0451S06.0Q/O C 1990 Plenum Publishing Corporation 
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In these reactions, the notation ("He)v denotes a virtual 
intermediate state. In the case of 3 He and 4 He ground 
state spatial orbitals, the time dependence will corre- 
spond to a state with an energy equal to the initial state 
energy minus the energy of the exchanged photon. These 
virtual fusion reactions are exothermic; additionally, d 
+ d He" would be an exothermic virtual reaction. 
The other intermediate states in this scenario are local- 
ized continuum states with maximum overlap with the 
decay products. These virtual reactions are endothermic. 
A schematic of the proton-deuteron reaction is shown in 
Fig. 1. 

The incoherent branches can be either fast decays 
if mediated by the strong force or electromagnetic force, 
or else slow decays if mediated by the weak force. In 
the case of fast decay channels, only a small fractional 
virtual population needs to be established to obtain an 
observable decay rate. For the beta decay paths, a veiy 
large virtual population is required to produce an ob- 
servable effect. The formulation which we are devel- 
oping applies to1)oth classes of reactions. 

The overall scenario which we have considered works 
as follows: a mixture of protons and deuterons are in- 
troduced into a lattice, react virtually, and decay. The 
-proton-proton, path urthis scenario produces hea and 
the proton-deuterium path produces tritium. Since the 
beta decay is slow, a substantial virtual helium popula- 
tion is required to obtain observable levels of h;at or 
tritium. The build-up of the virtual helium population 
would take time to occur. We estimate the (*lle)v decay 
into deuterium to take about 200 sec (from ft-theory, of 
Ref . 9 and 10) and therefore we require virtual (%e)v 
levels to be in the vicinity of 10 16 for a several-watt 
system for this scenario. 

In this work, we have begun an analysis of this 




Fig. 1. Schematic of two-step fusion/beta reaction p + d *+ ^He)v 
t + e+ + v,. L stands for lattice in this diagram, and the electro- 
magnetic exchange of many low energy photons is indicated here by 
a double photon line. 



approach. A rather immediate result of the analysis is 
that while the coherent fusion effects are undoubtedly 
real, they are clearly very small under normal condi- 
tions. The tunneling into the nuclear states is so weak 
that even collective interactions have difficulty produc- 
ing a net observable effect. 

The original scenario seemed to be qualitatively 
consistent with the experimental report of Pons and 
Fleischmann when we began our study. We have re- 
cently learned that the measured gamma spectrum is in- 
consistent with positron production at levels which 
accompany such a picture (K. Wolf, Texas A&M, pri- 
vate communication). As a result, we have begun to 
consider the extension of the coherent model to other 
types of reactions. For example, the beta decay involv- 
ing positron emission could be replaced with electron 
capture by the virtual fusion product. For example, 

p + d + e <-» ( 3 He + e)v -»t + v c (7) 

Alternatively, the electron capture could occur first 
(leading to a virtual intermediate), and the fusion reac- 
tion would follow. For example, 

p + d + e (n + d + v e )v t + v e (8) 

This type of reaction has the advantage that there no 
coulomb barrier to inhibit tunneling between the fu ing 
nudeons. Further discussion of alternate reactions of this 
type is given in the last section. 

Our paper is organized as follows: In Section 2, we 
consider nuclear populations and polarization in the pres- 
ence of a semi-classical interaction hamiltonian. The model 
is found to be very close to semi-classical models used 
in laser physics. In Section 3, we diagonalize the semi- 
classical hamiltonian, using a transformation which will 
help in analyzing more complicated systems. We next 
consider a quantum phonon model coupled to a classical 
source, and find a criterion for net phonon gain. In Sec- 
tion 5, we consider a coupled lattice nuclear system 
(Section 6), and find that the system is approximately 
diagonalized with our rotation of Section 3. We next 
investigate a driven system, and find that in the dressed 
state picture, external perturbations can create fusions 
through a. second order interaction. In Section 7, we 
extend our analysis to include nonlinearities and strong 
driving terms. 



2. SEMI-CLASSICAL FIELD MODEL 

We first consider a system of pairs of hydrogen 
isotopes interacting with a semi-classical potential. The 
hamiltonian for the system is taken to be 
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(9) 



We will adopt a second quantization fonnulation (see 
Appendix A) for the nuclear transitions, and take H N to 
be 

^ ki 

where the creation and annihilation operators 6t and & 
are fermionic, and satisfy anticommutation relations 

bU> u + Mb = 1 (11) 

The summation is over nucleon pairs with indices k and 
/. The interaction matrix element can be written in the 
form 



(12) 



In the case of Ml interaction, = -ji-B where the 
magnetic dipole operator ji is 

ki 

where the single-pair magnetic dipole moment is 
2Mc i 

and where the subscripts u and / denote unfused and 
fused states. 

We assume for simplicity that is independent 

of space in the vicinity of the fusing nucleons, although 
it can be time-dependent. The algebra for this hamilton- 
ian is simplified if the hamiltonian is cast in terms of 
many-particle operators. We define three many-particle 
operators to be 

(15) 

(16) 
(17) 



ki 



These operators obey commutation relations similar to 
many-particle spin operators. In terms of these opera- 
tors, the hamiltonian is 



The time-evolution equations for the expectation values 
of these operators can be found through 

4<t>--=<Ml-> <w 

dt & 
The resulting evolution equations are 

= -o,„<i y > (20) 

at 

i<^»--^<*.»-|f <*.» w 

i<X>~lf<%> m 

We shall define the population inversion and polarization 
averages to be 



JV = 


<%> 


(23) 


M = 


<%> 


(24) 


0 = 


<%> 


(25) 



Our definition for the population inversion If follows 
the definiiion from laser physics, and is given by the. 
number of. upper state "systems" minus lower state 
"systems. ' For example, the p + d ~ 4 ?Re)v reaction 
is exotherLJc. The population inversion is given by the 
number of pd pairs minus-the number of ^Hejv nuclen. 
In the case of p + p -^ejv, which is endothennic, 
iV is the population of (%e)v minus the number of pp 
pairs. The eneTgy fto>„ is the positive energy difference 
between the upper and lower states. 

Following the development which is often used m 
laser physics, we add relaxation terms accounting for the 
destruction of inversion and polarization. 

+ J* (28) 

dt T 2 

A rate equation for AT can be obtained under the as- 
sumption JV varies slowly compared to the dynamics of 
M and O, and that 



(18) 



Bb V.St/o 
Upon eliminating M and 0, we obtain 



(29) 
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dl Tj 



(30) 



where 



r , » if- 4o> 2 



(31) 



In the limit that the field varies on a timescale slow 
compared to the nuclear oscillation time this be- 
comes 

T-bitM)? (32> 

dH 

In the limit that — r oscillates on resonance with 
db 

the nuclear polarization ^a> 2 = coj + ^j, then 

These limits are significant in terms of constructing a 
coherent fusion scenario. The two fusioinstates consti- 
tute a two-level system with gain or loss initially, de- 
pending on whether the virtual reaction is exothermic or 
endothennic. The line width is determined by T 2 for the 
specific reaction. In the case of strong-force mediated 
decays, T 2 will be very small and the resonance will be 
quite broad, whereas for the reactions dominated by beta 
decay the lines will be very narrow. 

The rate of formation of real decay products for a 
specific channel can be found through 



r, = 7.-[** > APol 



(34) 



where V is the decay rate for the upper state fusion 
product. The time constant T x is related to the incoherent 
decay rates through 



3. SEMI-CLASSICAL HAMILTONIAN 
DIAGONALIZATION 

The form of the semi-classical hamiltonian 

* 1 * dtfj * 



(35) 



(36) 



suggests that diagonalization can be performed through 
a rotation to yield 



where the frequency of the rotated system is 



(37) 



'■-iMiff (38) 



The eigenvalues of the hamiltonian are 



(39) 



where m — — 

The rotation is accomplished through the use of a 
unitary transformation 



where the operator A is linear in ly 



(40) 



(41) 



The picture which follows of the coupled lattice- 
nuclear system in this scenario is that the system pos- 
sesses dressed states in which the fusion number is mixed 
with quantum numbers of the macroscopic system. To 
lowest order, a system which has an undressed fusion 
number equal to zero will evolve to the ground state of 
the dressed system with dressed fusion number equal 
also to zero. Due to the mixing, this dressed ground state 
will decay with a rate 



r = £r, = ytM 



(42) 



dH 

assuming that — r 1 is at low frequency. This decay rate 
db 

is small (typical decay rates of the order of 10* 50 - 
10- 100 sec- 1 for charged nucleons). In order to obtain 
observable decay rates, transitions which change the fu- 
sion number are essential. In the following sections, we 
shall use the dressed state picture to obtain dressed terms 
which raise and lower the fusion number. 
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We now consider the lattice dynamics under the 
assumption that the nuclear polarization is semi-classi- 
cal. The hamiltonian for the lattice is 



(43) 



We shall restrict ourselves to single-mode interaction in 
this section. In this case, the lattice hamiltonian is 



(44) 



where the creation and annihilation operators at and a 
are bosonic, and satisfy the commutation relations 

fl t fl - flfl r = -i (45) 
The interaction hamiltonian is will be taken to be linear 



4 -§(.' + «> 



(46) 



where the derivative - 1 is discussed further below and 
da 

-in Appendix A. 

As an example, we considerthe case- of an electric 
transition, such as a d + d coherent reaction which 
would interact through an E2 multipole. In this case, the 
interaction can be derived from a consideration of the 
potential operator, which in the coulomb limit is 



(47) 



which is valid for distances fr - ?,| which are small 
compared to the wavelength of the exchanged photon. 
The more general version of <1> valid for larger distances 
is discussed in the Appendices. The position operator of 
particle i is ?,-. For a macroscopic system with collective 
modes we may write 



(48) 



where R,- is the equilibrium position of particle i. This 
result is valid to first order in the collective mode am- 
plitudes. As a result, we obtain 

3* _ V fy Z * \ (49) 



The expectation value of the linearized interaction 
hamiltonian is 



s 3a' da x ' 



(50) 



da 



where we have defined SI = (at + a)- In general — 

will be a function of space, although we have assumed 
it to be uniform in the previous two sections. We will 
require a second quantity defined by 



< 4(a f - «) > 
i 



(5D 



The time evolution of these expectation values is given 
by 



(52) 
(53) 



Similar equations arise in laser physics, and correspond 
to the evolution of the electric field f. a resonant cavity. 
Th our case, the escalation frequenry of the- interaction 
hamiltonian will in general not be : well-matched to the 
cavity frequency o> ; . In the presets of damping, these 
equations become 



dt 2Q J 



(54) 



£ + 2£-^.!(*A (55 ) 
dt 2Q J .h\aa) 

where Q is the quality factor of the mode. 

A possible coherent fusion scenario which might be 
proposed is one in which the nuclear polarization is driven 
at low frequency -(co;). The nuclear system is initially 
inverted in the case of exothermic reactions and, if so, 
there is the possibility that the low frequency mode is 
driven. We can analyze this scenario within the frame- 
work of our model by noting that the classical nuclear 
polarization is defined in terms of the nuclear polariza- 
tion expectation value 



da K da' 

-5« 



(56) 
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If we assume that the interaction hamiltonian is approx- 
imately sinusoidal, then we may use the results of Sec- 
tion 2 to relate the lattice polarization to the nuclear 

polarization. If we assume that (/) = R e 



(f) 



da 



o slowly varying in time, then 



we obtain 



2 PH r 



h dadb a>J - ( w + z/Tj) 2 v ; 

The criterion which must be met in order for the 
mode to exponentiate in the linear regime is 



\^fua„ dadb J 



22 



(58) 



in the case of an exothermic virtual fusion reaction. This 
constraint appears to be quite severe, and it is not ob- 
vious that it can be met without substantial enhance- 
ments in tunneling. 



5. COUPLED LATTICE-NUCLEAR DYNAMICS 

The hamiltonian for the combined nuclear and lat- 
tice system is 



(59) 



In terms of the operators defined in the previous sec- 
tions, this can be written as 

1 fiH 
H = -huX + j^tjfl^ + a) + h<ojz\i (60) 

We may diagonalize the first two terms of the hamilton- 
ian using a rotation similar to the transformation of Sec- 
tion 3. This leads to a transformed hamiltonian given by 

ft = e*He-* 
1 

The rotation operator in this case is 

[IS <62) 

We note that a' n is an operator in this formulation 



(61) 



We can compute the leading terms of Eq. (61) by as- 
suming that A is small, specifically using 

ePa^ae-* = a f a + i [R, a f a] + .... (64) 
The resulting transformed hamiltonian is 



* i * 



<&PHr f (a* - a) 



<a n dadb ^ 



(65). 



valid to first order in 2,,. The interaction term which 
arises is smaller than the original interaction by a factor 
of a)/av One could perform a second rotation and elim- 
inate this coupling term, but given the smallness of the 
interaction, it does not appear at this point to be neces- 
sary. 

To lowest order, little happens in a system initially 
in the unfused state (2 Z % = ±^ w ^ 0 ) of the trans- 
formed system. In the dressed state picture, the coupled 
system remains in the initial state (which has a small 
component which decays according to the results of Sec- 
tion 2), and essentially no further fusion occurs. Larger 
total decay rates would be obtained if transitions to states 
of higher fusion number could be made; such transitions 
require additional terms in-thr hamiltonian, which we 
consider in the following sections. 

6- A DRIVEN COUPLED WCT EAR-LATTICE 
SYSTEM 

In the presence of an external driving term, the 
hamiltonian is 

H = £ v + H L + Hj + & M (66) 

As before we will recast & in terms of the operators 
defined previously. This yields 

2 dadb 



i x (a t + a) + fuafl f a 

/ AH . 

+ 



(67) 



-a) 



where we have kept only first order terms in the external 
hamiltonian. The first term of the external hamiltonian 
is proportional to (at + a), which is a position operator. 
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The second term is proportional to (at - a)/i which is 
a velocity operator. 

Using the rotation of Section 5 leads to a trans- 
formed hamiltonian 



IT = 

= ^ tux>'X + huflh 

<o„ Badb ^ i 
+ (S.)V + .) 



(68) 



-fR 



In this result, we have kept only the lowest order term 
arising from the transformation of # L . Additionally, (at 
+ a ) commutes with fi 9 so that the first external term 
is unchanged after the transformation* To lowest order, 
we find 



(**-«) --* 



(69) 



After performing the commutation we obtain the low 
order transformed hamiltonian 



too* V aa / aadfe ^ 



£) 
-a) 



(70) 



The new addition to our dressed-state hamiltonian is a 
term which combines the out-of-phase (velocity-depen- 
dent) external driving hamiltonian to a fusion polariza- 
tion operator- 
Some comments on this new term are in order. It 
is basically a second order effect relative to the initial 
lattice-nuclear coupling, except that it has the potential 

of being amplified since (^) (2) ma y be ver y lar & e ' 



The increase in observable decay rate due to the external 
hamiltonian is 

r ^[i^ 2 ±[(^t (71) 

This effect increases the decay rate, but since it is as- 
sumed to be off-resonant, it appears difficult to produce 
substantial observable effects without enhancements of 
the tunneling probability. 



7. NOMJNEARITIES AND STRONG DRIVING 
TERMS 

The only way that large enough decay rates to pro- 
duce observable effects can follow from a coherent fu- 
sion theory in the absence of strong tunneling 
enhancement, especially in the case of weak interaction 
decay reactions, is if high frequency potential oscilla- 
tions are developed. Such effects are not produced by 
first order terms in the hamiltonian, and hence one would 
not expect to see any coherent fusion effects in an un- 
stressed macroscopic system in the elastic limit. Hence 
we are forced to consider the possibility of adding terms 
which are of extreme order in a and at- 

Having postulated that the presence of high order 
iionlinearities isTequired to make further progress in the 
theory, we face the difficulty of- analyzing the-system 
which is proposed. We shall begin the analysis, and we 
have a formulation which may in the' future lead to a 
more tractable theory, but the discussion of this section 
must be viewed as the beginning of a larger and'possibly 
involved effort. 

The hamiltonian which we postulate is written as 



(72) 



where fi L and are now assumed to be highly non- 
linear in a and at. The dressed state hamiltonian is to 
lowest order 

ft -^K+tfi+ipUj +i[A#«J (73) 
where A is given in Eq. (62). Let us define 
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The dressed state hamiltonian becomes 

fr-^ + ifc+e*, ' ( 75 ) 

From this form of the dressed state hamiltonian we may 
obtain the resonance virtual fusion decay rate to be 

r-^|<8(»- Vo>5+i/ra>| 2 ( 76 > 

For a frequency-dependent nonlinear interaction matrix 
element, we may generalize this result to 

r-f |j<H W >P (77) 

[a)2 - co 2 + 1/7U 2 + 4a) 2 /7T 

This result is useful as a formal result for the in- 
coherent decay of a coupled system. It is not easily ame- 
nable to further quantification in the absence of models 
for fi L and which are tractable. 

We note that there is an alternate approach to the 
computation of the dressed state interaction term. InJhis 
case, we discard a and at as the primary macroscopic 
operators, and work instead directly with the individual 
particle position and momentum operators. We consider 
the coupled lattice-nuclear hamiltonian 

£ = -fu>X + + 2 ^ 

+ 2m - f;|) + (78) 

In this formulation, the coordinate positions r, and mo- 
menta pf are taken to be the primary operators. 
The infinitesmal rotation operator is 

: *-\~ 1 [ik$] i > m 

The transformed hamiltonian becomes to lowest order in 

to^L* *2m«J ^L a6 J 

(80) 

for the case of electric El, E2, . . . transitions involving 
very low energy photon exchange (since — is only a 



function of coordinates r ( , and not momenta pi). The 
extension to the magnetic case is straightforward. 

In terms of the coordinate-based operators, the 
dressed state interaction operator E is 




In this formulation, a single dressed state fusion 
transition is coupled to a macroscopic transition opera- 
tor. If the exchange involves a large amount of energy 
(ha>J, then it is possible for the interaction to be resonant 
with the nuclear system. In the dressed state formulation, 
even though such a transition involves a great deal of 
energy, the net interaction is made of a large number of 
low energy coulombic photon exchanges with the nu- 
cleii. As a result, the effective interaction can be long 
range. 



8. SUMMARY AND CONCLUSIONS 

We have described progress which we4iave made 
toward^he development of a coherent fusion theory. The- 
premise of this type of theory & that a fusion reaction 
which can occur through the emission of a high energy 
gamma can also proceed, at least in principle, through 
the successive emission of a large number of low energy 
photons. In of itself, such an observation is not imme- 
diately useful, since the multi-photon process will be of 
high order and hence occur only weakly. If a large num- 
ber of identical fusion reactions are involved in the process, 
then a significant enhancement of the low energy photon 
: emission rate may be possible if the low energy photons 
are emitted coherently. 

There are, however, two distinct problems which 
must be faced in order to account for the Pons-Fleisch- 
mann effect within the framework of the coherent fusion 
picture. Not only must nuclear energy be coupled from 
the microscopic to the macroscopic coherently, but some 
way must be found in. order to overcome the coulomb 
barrier. Our efforts included consideration of proton-pro- 
ton fusion, since it appeared to have the largest tunneling 
probability of all fusion reactions between charged nu- 
cleons. Although it was obvious at the outset of the work 
that it would be very difficult to obtain an effect suffi- 
ciently large to be observable from such premises, we 
found motivation from the similarities between the re- 
ported experimental observations and the qualitative fea- 
tures of a coherent fusion theory. We had hoped that 
through our investigations that some new piece of phys- 



Coherent Fusion Theory 

ics would turn up which would account for an enhance- 
ment in tunneling. 

In fact, after this paper had been written and sub- 
mitted, it occurred to us that two-step beta/fusion reac- 
tions involving an intermediate neutron might provide 
an answer to the tunneling problem. There was not time 
to develop a model for the new reaction and to write a 
new paper; it was decided to retain most of the initial 
paper and to supplement it with some discussion of the 
new ideas. Our hope is that these ideas can help in the 
development of a quantitative theory for the Pons- 
Fleischmann effect. 

We have modeled systems in which coherent fusion 
is followed by incoherent decay. Our principal result in 
this area is simply making a connection between laser 
physics and the fusion problem. Additionally, we have 
found that the rates for coherent two-step fusion/beta 
reactions are very small, under a variety of assumptions. 
One of our goals was to attempt to exploit collective 
effects without altering the tunneling probabilities sub- 
stantially in accounting for the Pons-Fleischmann effect. 
In this respect, we have not succeeded in the case of 
fusion/beta reactions. 

These conclusions prompted us to consider the coh- 
erent fusion mechanism on an alternate class of virtual 
reactions, for example, a related two-step proten-deu- 
teron reaction which we propose 

e + p + d->(n + d + v c )v **t + v e (82) 

In this type of reaction, the electron capture would pre- 
cede the virtual fusion reaction. It is illustrated in Fig. 
2. The advantage of this type of reaction is that the 
fusion would occur between a neutral particle and a 
charged particle, and hence there is the possibility of 
obtaining a substantial tunneling probability for the coh- 
erent fusion branch of the reaction. This reaction would 
be responsible for tritium production in our new scena- 
rio. 




e P d L 

Fig. 2. Two step coherent beta/fusion reaction p+d+e -* (n + d + 
v,)v ~ t + v,. 
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Heat production would follow from a similar beta/ 
fusion reaction, specifically 

e + p + p (n + p + v c )v +*d + v c (83) 

as shown in Fig. 3. 

This reaction might proceed as follows: a proton 
would tunnel into the outer electron orbitals of a nearby 
metal atom, and pick up an electron through the weak 
interaction electron capture process. The resulting state 
would be virtual, since it is not energetically allowed. 
The fusion of the neutron and a second proton would 
occur through the coherent fusion (electromagnetic Ml 
interaction) mechanism discussed in this paper, driven 
by a relatively large magnetic dipole associated with 
neutral system tunneling- Overall, this process is some- 
what related to two-photon decay. The neutrino spec- 
trum would be continuous, and the remaining nuclear 
energy would be converted to heat through interaction 
with the current. 

The basic mechanism can in principle be extended 
to higher Z systems. For example, a two-step reaction 
involving lithium is proposed: 

e + p + 6 Li ->(n + 6 Li + v e Jv <-* 7 Li + v e (84) 

This reaction is of interest since it can be mediated by 
electromagnetic El interaction for s-wave neutron-lith^ 
ium channels, which we believe should be dominant. 

The principle can be extended/to higher Z coherent 
fusion reactions. For example, the two-step reaction 

e + p + 104 Pd -> (n + 104 Pd + v e )v ** 105 Pd + v„ (85) 

could occur through electromagnetic E2 interaction for 
s-wave channels. (This proposal is in part motivated by 
the recent experimental observations of O'Grady at Na- 
val Research Laboratory.) The other stable Pd isotopes 
could react similarly. 

We have focused on proton reactions in our ex- 
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Fig. 3. Two-step coherent beta/fusion reaction p +p +*e -* (n + p + 
v,)v «-> d -r v e . 
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amples because proton would appear to be favored due 
to the small reduced mass. Similar reactions initiated by 
electron capture of deuterium or tritium are also possi- 
ble, as illustrated in Fig. 4. 

We provide some initial discussion of the formu- 
lation of a model for this type of reaction in Appendix 
B. Some work remains in the development of coherent 
fusion theory before it becomes quantitative (the reader 
may provide his/her own judgment on how much). Our 
focus has been on mechanism, and experiments can shed 
light on the correctness of our premises (Is deuterium 
produced consistent with heat? Are neutrinos produced 
at substantial rates?). 

In conclusion, we have proposed and explored a 
new scenario and several new reactions in an attempt to 
account for the Pons-Fleischmann effect. 



APPENDIX A. SECOND QUANTIZATION 
OPERATORS 

The quantities which appear in Section 2 can be 
de ermined from the matrix element derived from the 
las* est order Feynman diagram for single photon ex- 
change. This matrix element is 



<r|H / |r> = 



(A.1) 



In this formula, the summation over i includes all par- 
ticles in the lattice, the summation over k and I is over 
all pairs of hydrogen isotopes, and IT is the wavevector 




Fig. 4. Example of a coherent fusion reaction involving electron cap- 
ture by a deuteron. 



(2tt/X) of the exchanged photon. The function / is de- 
fined in terms of cosine and sine integrals. 

f{z) = a(z)sin(z) - si(z)cos(z) (A.2) 

In the low energy limit (K -*■ 0) we note that 

fc » jyH-»p . i (A . 3) 

w -rr | r, - r* | . | r, - r* | 

For relativistic electrons, j and p, commute with f, but 
in other cases (A.1), must be symmetrized with respect 
to noncommenting variables. 

Our goal is to build up a model in which the fusion 
energy is coupled from the microscopic to the macro- 
scopic. This will be easiest to accomplish when the in- 
teraction is long range, which immediately suggests that 
we should concentrate on low energy photon exchange 
(where V is greater than the system dimensions). For 
example, coupling to mechanical or acoustical modes 
can be done with relatively low energy photons; plasmon 
generation in a metal will involve photons of several 
electron volts and will therefore be of shorter range. 

The interactions- described in (A.1) are electrical or 
magnetic at low energy. The longest range interaction is 
the monopole interaction. For example, in the low en- 
ergy limit where (A.3) is appropriate, then 

whr lwri^ TMYM <A - 4) 

The monopole case is where /=0, and the interaction 
strength is proportional to 1/r. Unfortunately, the matrix 
element on the microscopic scale is normally zero for 
an E0 transition for well-separated particles. A micro- 
scopic electric dipole (El) transition couples to free charge 
with a 1/r 2 dependence, but it requires p-wave interac- 
tion between the nucleons at the microscopic scale for 
light hydrogen (p and d) isotope reactions. For two-step 
reactions where fusion occurs first, only the s-wave in- 
teractions have any chance of contributing at low tem- 
perature. As a result, the electric quadrupole (E2) 
interaction will in general do best of the electric inter- 
actions for these systems, and it varies as 1/r 3 . 

The allowed magnetic interactions under the as- 
sumption of microscopic s-wave interaction to even par- 
ity final states are odd-multiple (Ml, M3, . . . ) 
interactions. The magnetic dipole (Ml) interaction will 
be the strongest, and is proportional to 1/r 2 at low en- 
ergy. The dipole occurs at the nuclear microscopic half 
of the total interaction, while the macroscopic part of 
the interaction involves macroscopic current flow. Spin- 
spin interaction is also possible, but varies as 1/r 3 . 

The dominant long-range interaction (in the absence 
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of electric and magnetic monopole transitions) is the Ml 
interaction, for even parity final states for which the 
interaction hamiltonian at lew energy is customarily taken 
to be 



H, = - |x *• B 



(A.5) 



In the case of the two-step reactions described in Section 
8, the neutron need not necessarily be at low energy 
relative to the charged nucleus. At low energy, the above 
arguments still hold, but at high energy p-wave terms 
are possible, and the coupling can in principle occur 
through El interaction. 

We can simplify the matrix element through the use 
of the Hartree approximation. In this approximation, we 
separate the total macroscopic wavefunction |r> into a 
product of a local part |<j>r>w which includes the two 
fusing hydrogen isotopes, and |r> which includes the 
remaining part of |r>. The electrical part of the inter- 
action in this approximation is 



(r|tf e |r> 

= 22<*rlftoJ*riW*u'( r *J 

ki LM 



(A.6) 



where 



and where 

P^ = Q^=2|[i + ^(0]^(n) (A.8) 

• in the low energy limit. In this formula, we have as- 
sumed in addition that the principal interaction is long 
range' such that |r, - r k | = I r, - r, | = | r, - r«|. The 
coordinate r w in this formula denotes the location of the 
fusion product. 

In the limit that the wavelength of the exchanged 
photon is long compared to the nuclear scale, but oth- 
erwise arbitrary, then (A.4) is replaced by 

2 KK\r t - x k \) 
ir \ r, - r k \ 

if„ JO A t /£ 

and becomes 



Vir 



(A.10) 



The magnetic part of the interaction becomes 
--22<+r|Jufl4*V A u«fo*> (A* 11 ) 

C Id LM 



where 

(4>r I Jlm I $r% 



- .$\<to\*rui+tfr lM \*r g > (A.i2) 



and 

AuXr) - 2^lii 



+ |7^P i,|r> (A " 13) 

The-generalization tothe case where the wavelength 
of the exchanged photon is much larger than nuclear size 
scales, but otherwise arbitrary, is obtain through Uie-use 
of (A.9), as before. /J' 

We have defined matrix elements thus far which 
allow us to handle both electric and magnetic coupling 
for arbitrary multipolarity. We are ignoring free photon 
emission in the present work. At this point we shall focus 
on the magnetic Ml interaction, although it is clear that 
we are in a position to adapt our formulation to other 
cases. 

The Ml matrix element is 

'"(TW) = ^X^'^^ 

• AM (A.14) 
= -2 <4>rM4>r>« ' B M 

ki 

where 

BM = ivx ? <ri|(j ljr ^ 

and the magnetic moment is 
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* - 2^° 1/ + & Si 



(A.16) 



Some simplification is.' afforded if the dipole moments 
are taken to be uniform for all pairs. For example, in 
HD gas at very low temperature all pairs would be in 
the ground state, and all molecules with identical relative 
J will possess identical moments. In this limit, we may 
define a spatially dependent polarization operator to be. 

0(r) = 2 S 3 (r - r w ) (A.17) 

In terms of these operators, the interaction matrix ele- 
ment becomes 

<F|ff,|n> = n- }0(rXT|B(r)|r^ (A.18) 

The transition to a second quantization picture can now 
be made. At the location r w , the two hydrogen isotopes 
can either be fused or not. The interaction matrix ele- 
ment is of interest when a fusion transition occurs, either 
creation of a fused state (we shall adopt to describe 
the transition to a fused state) or destruction of a fused 
state (b will be the annihilation operator). The second 
quantized version of the polarization operator is 



6(r) = 2 5 3 vl - - r w )(&& + b H ) 

Id 



The operators must oe fermionic, since once two 
hydrogen isotopes have fused, they are assumed not to 
be able to fuse further. 

If we define spatially dependent versions of the in- 
version and polarization operators 

**(r) = 2 8 3 (r - r w )(b^ w - bj>h) (A.20) 



and 



M{r) - 2 8 ? ( r " r «> 

kl 



(bti - b u ) 



(A.21) 



then we would obtain a spatially-dependent version of 
the Eqs. (26-28). 

If B(r) is considered to be an operator (in terms of 
f,), then the interaction matrix element becomes 

(TlfT/irO - [T| J fl(r)fi(r>Rr I T'> (A.22) 

This is ultimately the basis for discussion of Section 7. 

We have chosen to work with an assumption that 
the interaction is uniform in the vicinity of the fusing 
hydrogen isotopes. This corresponds to the Dicke su- 
perradiant limit of this type of model, and allows us to 



exploit the rotation transformations introduced in Section 
3. Under this assumption, (A. 14) becomes 

(X\Hj\r}^(X\^'\o(r)d^B\r} (A.23) 
The integral in (A. 13) is computed 

f 6(r>ft = 2(btt + b tt ) (A.24) 

which is a space-independent version of 6 which we 

have used in Section 2. Using ji = jju 2 (&« + M» 

ki 

we obtain 

<r|ff,|r>==<r|jiB|r> (A.25) 

which is the premise of Eq. (12). 

In order to free ourselves from a particular multi- 
polarity, we will work in terms of For magnetic 
dipole interaction, we define 



3b 



(A.26) 



db 



(A.19) For Section 4, we have , 



ft- 2'CvA)-5 W + «/> 

j da i 

For Section 5, we extend this to 



(A.27) 



(A.28) 



With this type of formulation, we may describe El , E2, 
and Ml interactions on the same formal basis. 



APPENDIX B. 

We wish to explore the extension of our formulation 
to reactions where electron capture occurs before fusion. 
Our formulation will focus on the generic two-step re- 
action. 



e + p + • X (n + v; + a X)v **v e 



+ °+*X (B.l) 
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TKTs" reaction is fundamentally more complicated than 
the fusion/beta reactions considered earlier since the neu- 
tron all neutrino and neutron energies must be included. 

We begin by considering the microscropic problem 
of three initial particles {e, p, and a X). The Schrodinger 
equation which we shall adopt "is written as 



(B.2) 



LO H ; H 2 \ [%l lO OllM 



We have expanded out the creation and annihilation op- 
erator explicitly in this notation. The hamiltonian Hi 
contains terms appropriate for the three initial particles 
(e, p, and *X) and the lattice, and % contains coordi- 
nates for the initial three particles and the lattice. The 
hamiltonians H 2 and H 3 contain terms appropriate for 
the three intermediate (and final) state particles (n, v^X), 
in the crude picture that a+1 X is simply a bound state of 
the n +■ a X system. The collection of particles described 
by H 2 and H 3 are identical, and in this sense H 2 and H 3 
are the same unless we find some way to d : stinguish 
between the spaces on which they operate. We shall 
employ projection operators P and Q which will give 
meaning to our separating H 2 and H 3 . Specifically, we 
define 



H 2 = PHP 
H 3 = QHQ 



(BJ) 
(B.4) 



where P projects out states in which the neutron is bound. 

The electron capture occurs through the weak in- 
teraction, which is accounted for in the off-diagonal H w 
in (Eq.) (B.2).The electromagnetic transitions which drive 
the coherent fusion process are in The hats in this 
equation refer to lattice operators. As before, the cou- 
pling between a fusion reaction and the lattice is assumed 
to be dominated by low order and low energy lattice 
transitions. 

The generalization of the transformation to the 
dressed state picture is accomplished through a rotation 
similar to the one used in Section 3. The infinitesmal 
rotation operator of interest would be 



if 6, commuted with H 2 - H 3 . The transformed ham- 
iltonian would then be approximately 



[Hi H w 01 m [100 
H w H 2 0 + H L 0 1 0 

o o h 3 \ Loo 1. 

[0 0 0' 
J 0 0 i 

Lo -i oj 



H 2 — Hi 



fa * j 



(B.6) 



We would then extend our definition of the local dressed 
state interaction operator B ti to be 

ft, - * ^-tit A + *J M 

following Equation (81), and where we have included 
an external driving hamiltonian. 
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NOTE ADDED IN PROOF 

Some of the ideas presented at the May, 1989 Sante 
Fe conference were extended in a* presentation given in 
San Francisco in December, 1989. The present work was 
written in November of 1989, and is the paper distrib- 
uted by ASME (paper 89-WA/TS-4) at the conference. 
The ideas have been taken much further since that time, 
and the interested reader is referred to "Status of Coh- 
erent Fusion Theory," in the proceedings of the First 
Annual Cold Fusion Conference, Salt Lake City, March 
1990, and to "Coherent Fusion Mechanisms," pre- 
sented at the October 1990 workshop on Anamolous Ef- 
fects in Deuterated Metals at BYU. 
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Nuclear and Thermal Effects During Electrolytic 
Reduction of Deuterium at Palladium Cathode 



D. Go*,' P. I*. Cignini,* L. Petrucd,' M TomeUini,' G. De Maria, «S. Frullani,' 
F. Garibaldi,* F. Ghio, 5 M. Jodice, 5 and E. Tabet» 



' • u. , ™n 9 dhnn cathode nuclear and thermal effects were found. A sintered 

In a galvanostatic experiment of charging dm nn 'Vgtom™*^ at 200 nWcm>, 

palladium electrode shaped as parallelepiped was used H*^*™^^ Dufi5r ^ e = e ^Wch lasted 
ngo^tritium e xcess m the ^^S^J^^^^^S^^oc^^ P"« dure for ch " g,nS 
4Set^5unted 7.2 x 10* ^^^SllSS^S^ ^ associated electrode temperature trends are shown. 
, e palladium electrode by deuterium using galvanostatic pulses as weu as , 
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KEY WORDS: Cold fusion; Pd-D system; Pd electrochemistry. 



1 . INTRODUCTION 

On the frame of the F and P<w> experiment, we try 
to perform experiments of so-called "cold fusion through 
the electrolytic reduction of deutenum at a pdhdqm 
cathode. The experimental procedure differs from tot 
used in Ref. 1 in the following pataMJ) * w»*J 
palladium electrode (a parallelepiped of 6X5X25rnm) was 
Sedinstead of a cast metal electrode, (2) temperate 
of the electrode was measured instead of the temperature 
of the electrolyte solution, and (3) calonmetnc mea- 
surements were not carried out. 

For the detection of nuclear phenomena, neutron 
and gamma emission were monitored, to addition, date 
acquisition system was programmed in such a way as to 
switch off the electrolysis for an electrode temperature 

UP ^experimental electrochemical part is essentially 
constituted by a three-electrodes assembly to carry out 
galvanostatic measurements, in which the working ekc- 
trode is the palladium electrode having a S-type tfter- 

. Department of Cheminstry, Univeista' di Roma "La Sapieaza", 
P.leAWo Mora 5, 00185 Roma. 

2 CN R Centre TermodirSrwca Chimica alle Altt Temperature. 
> ENEA-TIB-CRE-Casaccia, Via Angufflarcse 301, Roma. 

« institute of Chemistry, University ^ Basilicata, Pote^- 

3 Physics Laboratory, Istitoto Superiors di San.ta' and sez. Samta 
I N F.N. Roma, V.le Regina Elena 299, 00161 Roma. 



mocouple embedded in it. The counter electrode is a 
cvlindical platinum mesh while the reference electrode 
is a mercury-mei:ury oxide electrode in alkaline sohi- 
tfcn. The electrode is an LiOD 0.1 M solution and the 
ceil is placed in a watered which acts as thermostat. 
In Fig. 1, a scheme of the electrolysis cell is reported 
As shown in the figure, the electrode, whose terminal 
part along the major axis has been machined, is sealed 
to a glass tube. The thermocouple is also sealed into the 
electJode. The thermocouple is protected by fused glass 
in such a way as to eliminate any interaction between 
thermocouple wires and deuterium. In a previous light- 
water experiment, in which no thermocouple protecnon 
was used, the thermocouple signals were disturbed by 

high noise. . 

Referring to the nuclear measurements, we detected 
neutron emission by a % dosimeter with an energy 
range up to 7 MeV. 

The efficiency was measured to be 10- in isotropic 
conditions by an Am-Be source. In our ^enrnentd 
geometry , we estimated an efficiency of 5 x 10 . This 
neutrondetector is connected to a rate meter counte^ 
L>rder system. It was previously checked _ totod. 
spike on the recording corresponds a count on the ^counter 
SVray measurement was also carried out though a 
large sodium iodide monocrystaUconnected to a SILENA 
spLum analyzer. The apparatuses for the nudea, ■ mea- 
surements were placed around the electrochemical cell 
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Fig. 1. Eli rtrolytic cell assembly. 



as schematized in Fig. 2. Through a data acquistion sys- 
tem, electrochemical parameter and temperature value 
were transferred in the computer while the neutron de- 
tector signals were recorded. Therefore, there is not a 
synchronized data acquisition for temperature, electro- 
chemical parameters, and neutrons. 

During the experiment, some electrochemical mea- 
surements were also carried out concerning the possi- 
bility of obtaining information about the deuterium content 
in the palladium electrode, i.e., the palladium "deuter- 
ium-charge" state. A well-known electrochemical method 
was used to charge the Pd electrode electrochemically. 
This is shown in Fig. 3 where the palladium electrode 
potential and the temperature is reported vs. time when 
garvanostatic pulses of different durations are applied to 
the cell. Two parts are distinguishable in Fig. 3 ( (upper, 
part A) in which the. current was switched off (EMt 
measurement) and part B where the current was passing 
(Fig 4). In the same Eg. 3 (bottom), the related tem- 
perature variations during those steps, are also shown. 
Figures 4 and 5 which are, respectively, enlarged views 
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Fig. 2. Neutron and yrzy detec^x**^- < A > ^'^TT 
c^tal, (B) Waterbath, (Q He* neutron dosimeter, and (D) polyeth- 
ylene sphere 



of sections B and C of Fig. 3 show that there is a pro- 
gressive change of the shape of the chrono-potenzio- 
metric curve during the D charging in palladium. There 
is an initial peak which disappears progressively. The 
associated electrode temperature curves seem to repro- 
duce this behavior. A tentative explanation of this could 
be found in the change of the D chemical potential gra- 
dient in Pd electrode as D charging proceeds. This pro- 
cedure changes in the diffusion overvoltage which is a 
part of the total electrode overvoltage. By plotting the 
EMF values vs. the passed coulomb charge, the charging 
curve, shown in Hg. 6, was obtained. This curve could 
be a way to check the time evolution of the deuterium 
content in the Pd electrode. 

After 150 hours of electolysis at 200 mA/cm^, a 
nuclear and thermal effect was simultaneously recorded, 
as shown in Fig. 7. 
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Fig. 3. Palladium potential (upper) an i electrode temperature vs. time, 
recorded when galvanostatic steps were applied to the ceil, (upper): 
Section A: i=0, section B: i=»200 mA/cm 2 . 



At a certain time, the temperature grew very sharp, 
and because the recorder was set at the lowest full scale 
of 1 mV, the pen went full scale. At the same time, a 
densification of the spikes was measured by the neutron 
recorder; this is only a part of the total recording. Data 
refers to a time acquisition of 22 h 5' 54", and 116 was 
displayed on the counter. If we count each spike in the 
.recording, we have 80 spikes. At a time interval of an 
estimated of 4 min were concentrated 36 spikes. Before 
and after the event, the neutron counting was that of the 
background level of 3.0 ± 0.2 counts per hour and 
during the 4 minutes of the event we had 36 counts. 
Therefore, in that time interval, we had a neutron emis- 
sion equal to about 180 times the background level. By 
extrapolating the heating and cooling curves it was pos- 
sible to obtain the maximum temperature reached by the 
electrode as shown in Fig. 8. At 135 s, current was 
switched off by the data acquisition system since tem- 
perature was over 80°C while the neutron emission lasted 
approximately 105 s. K we estimate a temperature in- 
crease of about 100°C, by taking into account the mass 
of the palladium electrode and its specific heat, we have 
an energy produced of 176 J =1.1 xlO 21 eV. In ad- 



dition, by taking into account the efficiency of the de- 
tector we find that 7*2 x 10 s neutrons have been emitted. 
Furthermore, considering the evaluated energy (176J) to 
be due to the nuclear fusion process rf+d He 3 + », 
we would have a neutron emission of 1.4 x 10 15 . 

At the time these proceedings were prepared, we 
can definitely confirm a tritium excess corresponding to 
(2.14 ± 0.04) x 10 u atoms related to the solution 
volume of 41 ml. More detailed information concernig 
the experimental and other results have been the subject 
of a paper recently submitted/ 3 ' 



2. DISCUSSION 

MR. TURKEVICH: Are there any questions? 

MR. PETRASSO: Richard Petrasso fiom MIT. I'm 
a little confused about your neutron rate. You said first 
150 times background and it took an efficiency of 10" 4 , 
and I get aroun 10 3 neutrons per second, and that's... 

MR. GOZZI: Per hour. 

MR. PETRASSO; Right. 

MR. GOZZI: 3.5 neutrons per hour. 

MR. PETRASSOrOkay, thank you. 

MR. TURKEVICH: Any other questions? 

MR. GARWIN: Dick GartWn, IBM Research. I can 
imagine that the catastropic event in which the temper- 
ature rose 100 degrees or so was not fusion at all but 
simply a response to having stuffed deuterons into high- 
energy sites in the lattice, similar to vigner (phonetic) 
energy in graphite in reactors. And you see the neutrons, 
but they may have nothing at all to do with the heat that 
caused the temperature to rise. To discriminate between 
these two cases would be to find 10 14 helium 4. 

What has happened to that sample? Have you looked 
for helium 4 in that sample? 

MR. GOZZI: I don't know exactly the process that 
you mentioned but one can think about several chemical 
processes that can increase the temperature of the elec- 
trode if the effect is concentrated in a short time. But 
the more realistic process that I can imagine is the direct 
combination of hydrogen and oxygen due to the high 
catalytic activity of the deuterated electrode. But this 
process, also by the experience of some of ray col- 
leagues, is possible only if the electrode is exposed to 
the gaseous atmosphere. 

After the event, I switched on the current again, 
and the current was applied for 24 hours. But any other 
event was observed. 

MR. GARWIN: There is a very good poster up- 
stairs which says if you had helium 4 in there, you still 
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Fifty-three electrolytic cells of various configurations and 
electrode compositions were examined for tritium production. 
Significant tritium was found in 11 cells at levels between 1.5 
fnd 80 times the starting conemtration after enrichment cor- 
\recuons are made. 



■TR00UCTI0I 

The possible production of nudear products and heat in 
an electrolytic cell, as first proposed by F l e i s c hm a nn and 
Pons 1 and Jones el al. 2 is so hard to accept that extraordi- 
nary experimental efforts need to be made to prove that the 
phenomenon exists. This is especially important in view of 
several complete studies that have failed to report positive re- 
sults. 3 "* This study is being reported to add to the growing 
number of observations 7 " 3 that tritium, at least, can be 
made in an electrolytic cell. 

Tritium appears to be the least ambiguous and most eas- 
ily measured product of the "cold fusion" effect. In addition, 
the production of tritium has implications at least as impor- 
} tant as the production of heat, although these two products 
may not originate from the same process. The authors rec- 
ognize that this work is still incomplete and kaves many ques- 
tions unanswered. However, the results are supported by such 
a large and consistent dam base that reporting of tritium pro- 
duction is warranted even before a full understanding of the 
process is available. 

Hie early phase of this study was started shortly after the 
announcement of possible ftision in palladium. Simple con- 
struction * th* inexpensive diagnostic methods were dictated 
by tending restraints. Initially, we tried to understand how 
to achieve a high deuteriunHo-pallacfium (D/Pd) ratio* A cell 
£Sas designed that would allow the cathode to be weighed, 
(i thus giving a measure of the deuterium content. This con- 
^-ested of a wide mouth, 120-ml glass jar with a small electri- 
cal socket in the lid that allowed the cathode assembly to be 
plugged in. Periodically this assembly was unplugged, washed 
with acetone, dried, and weighed. Unfortunately, the electro- 
lyte was found to attack the solder and copper in the plug 



thereby causing copper, rinc, and lead to plate onto the cath- 
ode surface. Thus, all early cathodes bad a surface contam- 
ination of these elements. This surface impurity was reduced 
but not eliminated in some later cells by coating the lead and 
plug with Tott Sf * 1 (m ^^y) Although one electrode iiav- 
\jpg detected copper, ant, tod lead on the surface produced 
tritium, subsequent cells were redesigned to eliminate this 
tontamnution. An additional problem occurred because the 
i/Toir Seal absorbed deuterium, causing the apparent D/Pd ra- 
Lrio to be 30 large. We concluded that D/Pd ratios above 
|JpO*82 wa ; not only unlikely to occur at room temperature, 
[pit appeared to be unnecessary to.produce tritium. After the 
Hirst tritium was observed, emphasis shifted to reproducing 
this event: 

This technical note concentrates on those cells that pro- 
duced tritium. Over 1500 electrolyte samples have been an- 
alyzed for tritium, which has given an excellent statistical 
basis for evaluating tritium production. 

Three sets of experimental data are described: 

1. 16 early cells that gave, in two cases, relatively large 
amounts of tritium and, in two cases, small amounts, 
but were not well characterized 

2. a set of 13 dosed cells with recombination* that gave 
no tritium but provided a good example of counting 
statistics 

3. 9 cells with external recombination that were followed 
in detail but gave only small amounts of tritium in 
seven cells. 



EXPBSMEITAI DETAILS 
BataSatl 

The first tritium was produced in the cell design shown 
in Fig. 1. A 120-ml glass jar contained a 60-mI plastic insert 



*The catalytic recombincrs are graphite doth containing Teflon on 
which platinum is deposited. These were purchased from Pro- 
totech Company, 70 Jaconnet St., Newton Highlands, Massachu- 
setts 02161, as 20* platinum on carbon (0J5 mg/cm 2 on woven 
doth). 
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Bectrofyte 

Platinum Anode 

Palladium 
Cathode 



120-ml 
Glass Jar 



Spillover 
Electrolyte 



Fig. 1. Cefl design 1. 



into which the dectrolyte b (02NUOD C ) was placed. Gases 
generated in the ceO were allowed to leave through a small 
hole; The anode was a gauze of platinum metal, -2.5 cm 
long, and 2.5 an in diameter. The cathode was made by arc- 
meitu&powder* and roDing-thr resulting button into a coin- 
shaped disk »2 mm thick and- 1.5 cm in diameter. This was 
spot welded to a platinum wire that was soldered to a snail 
plug. The assembly was plugged into a small socket that was 
sealed through the lid using Ton Seal. Torr Seal was applied 
to the platinum lead between the cathode and the plug. In 
spite of this precaution, copper and lead were found on the 
surface of cathode 30 when the electrode was examined af- 
ter tritium production had stopped. We do not know whether 
the continuing increase of these contaminates might have 
eventually stopped tritium production. However, none of the 
cells having bare leads, where these contaminates are present 
in greater quantity,' showed signs of tritium production. 

Cells of this design typically showed a slow transfer of 
electrolyte from the plastic insert to the bottom of the glass 
jar. This transferred liquid is called the spillover. Tritium con- 



*Heavy water (>99.9ft deuterium) was obtained from MSD Iso- 
topes, Montreal, Canada. An analysis showed the following val- 
ues in parts per minion: Ag t Al, As, Au, Be, Bi, Ca, Cd, Ce, Co, 
Cr, Cs, Cu, Dy, Er, Eu, Fe, Ca, Gd, Ge, Hf , Hg, Ho, Ir, La, Li. 
tu, Mg, Mn, Mo, Nd, Ni, Os, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, 
So, Sc, Se, Sm, Sn, Sr, Ta, To, Te, Hi, Tl, TU Tm, U, V, W, Yb, 
Zn,2r)<l, (Si, B, Na) * 3. 

•The Kthium metal contained the following in weight percent : 
99.8689* lithium (99.982 at.* 7 U). 0.0100* heavy metals, 
<0J1O% chlorine, 0.0265* carbon, and 0.0732* nitrogen. The 
following metals were detected: calcium * 84, iron » 20, potas- 
sium * 8, wnfftm ■ 77,. silicon * 25 ppm. 

*Tne powder was obtained from Johnson Matthey (stated is 100* 
palladium), batch V71 14307. Detected elements were as follows: 
sQver » 60, a foffa"™ * 20, iron = 25, sodium = 65, platinum = 
35 v and silicon = 35 ppm (wt). Undetected elements: As, Au, B, 
Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Ca, Gd, Ge, 
Hf, Hg, Ho, lr, La, U, Lu, Mg. Mn, Mo, Nb, Nd, Ni, Os, Pb, 
Pr, Rb, Re, Rh, Ru, Sb, Sc. Se, Sm, Sn. Tl, Tm, U, V, W, Yb, 
Za, and Zr (aO <10 ppm). 
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tained in this Kquid would have amimnlaTrd gradually as the 
slow transfer occurred. Usually -20 to 30 ml had transferred 
by the time these ceDs were terminated. 

Several of the palladium coins were pretreated by heat- 
ing them in H^S that was made by heating sulfur and paraf- 
fin together. The resulting mixture of and paraffin 
vapor produced a black layer that , when sufficiently thick, 
was an electrical insulator. Deuterium uptake would not oc- 
cur unless the electrode was eiectrolyzed using reversed cur- 
rent (anodic). This caused most of the black layer to flake 
off and the subsequent cathodic electrolysis to charge the 
electrode with deuterium in the normal way. Unfortunately, 
this work was being done during the early, exploratory stages 
when minimal funding was available for detailed surface 
characterization. This treatment was done in an attempt to 
poison atomic recombination at the surface and increase the 
D/Pd ratio. Details of this study will be described in subse- 
quent papers. 

Tritium measurements* were started -10 days after the 
first cells of this series were turned on. Table I shows the ma- 
terials used in the cells, and Table O lists the count rate based 
on iO-min counts. Although many of the cells did not pro- 
duce tritium, they are included to show that cdls running at 
the same time were not contaminated by the common source 
of D2O, lithium, electrode materials, or materials used for 
the surface treatment. 

Four (29, 30, 41 , and 43) cdls show an indication of tri- 
tium production. The values that we believer show excess tri- 
tium production are indicated by bold type. Cefl 30 gives a 
disintegration rate f of l.l x 10 4 dis/min*ml (x B0 increase), 
which, as indicated, is ~ 3) times the tritium content of un- 
used electrolyte. This level was fouQtt when measurements 
were stated 10 days after the cefl was turned on. No addi- 
tional tritium was produced during the next 3 days. A current 
reversal after this time produced no additional tritium. Cell 
29 showed only a little excess tritium in the electrolyte. This, 
we believe, was due to a small amount of original electrolyte 
in the new solution. A little of the original electrolyte re- 
mained in the cell after decanting it from the material that 
flaked off during anodic operation. This change was made 
-30 h before the first tritium measurements were made. Pro- 
duction of significant tritium in this cell before the change is 
indicated by activity in the spillover that gave a dis in tegr ati on 
rate of 6.5 x 10 3 dis/min*ml (x 47). This spillover had ac- 
cumulated since the cell was turned on and had not been 
changed. Some small activity was found in cells 41 and 43, 
being 540 dis/min-mi (x 4) and 280 dis/min-ml (X 2), re- 
spectively. Unfortunately, cefl 41 was turned off just as an in- 
dication of increased production was occurring. 

The charging history of the two most active cdQs is shown 
in Hg. 2. The sudden increase in the D/Pd shown by cell 29 
after 100 h and the slow rise shown by cell 30 after 150 h are, 
we believe, an artifact caused by the Torr Seal. The electro- 
lyte in cell 29 was changed two additional times. Another 



'Tritium was determined by mixing 1 mi of the-sampfe with 10 ml 
of scintillator fluid in 1 plastic viaL The light pulses produced by 
the tritium beta-frintulator fluid interaction were counted using 
a Packard Tri-Carb Liquid Scintillation Spectrometer, model 
3235. Standards obtained from the National Bureau of Standards 
were run with the samples and used to calibrate the machine. 

The decomposition rate is r* 1 ™** 1 ** by subtracting 20, the aver- 
age background, from the sample counting rate and dividing by 
0.38, the counting efficiency. Conversion to other units can be 
done using 100 dis/min = 4.50 x 10~ 5 ?Ci = 1.67 Bq. 
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TABLE I 
Materials* Used in CeQs 26 to 44 



lHmiDcr 


— . 

aJlSpe 


Weight 

VI • 


Area 

fan 3 ! 


nilOj 


Surface 
Treatment 


Pretreatrncnt 


Electrode 
Poison 


Lead 

Covering 


Maximum 

is/ 1*0 


Excess 
innum 




dm 


4 9 


3 7 




Ha 


none 


IfllO 


Torr seal 


A ft? 


N 


27 


Coin 


6.4 




Nickd 


ltd 


None 


None 


Ton seal 


<K09 




28 


Coin 


6.4 


S.0 


Rh/Pd«0.1 


std 


rtone 


Thio 


Ton seal 




N 


29 


Cain 


5.0 


4J 


PiUadiiim 


Sulfide 


H£ + C* 


Thio 


Ton seal 




Y 


30 

JU 


af%Mft 


£ ft 






junior 


II C x P 


Mam* 

none 


_ 

Ton seal 




v 
I 


31 


Coin 


6J 


5 J) 


Pd + Rh + Li 


std 


None 


Thio 


Ton seal 




N 


33 


Coin 


6.1 


5.0 


Li/Pd« 0.051 


std 


None 


Thio, Co, Pb f 


No 


0.77 


N 


34 


Coin 


6J 


5J0 


Li/Pd- 0.023 


std 


FIOliC 


Thio, Co, Pb 


No 


0^3 


N 


35 


Coin 


6.4 


5J0 


li/Pd« 0.012 


std 


None 


Thio, Co, Pb 


No 


0.77 


N 


36 


Coin 


7.0 


6.0 


Rh/Pd«0.1 


std 


None 


Thio, Cu, Pb 


No 


0.86 


N 


37 


Coin 


6.6 


5.5 


Rh/Pd*0.1 


std 


None 


Thio, Cu, Pb 


No 


0.90 


N 


40 


Coin 


8.4 


7.0 


Palladium 


Sulfide 


H,S + C 


Nonc,Cu,Pb 


No 


QM 


N 


41 


Wire 


3.2 


7.6 


Palladium 


None 


None 


Thio 


Ton seal 


0.86 


Y 


42 


Coin 


6.1 


5.0 


S/Pd « 0.0043 


std 


None 


None 


Ton seal 




N 


43 


Coin 






B/Pd * 0.026 


std 


None 


AsxQ, 


Ton seal 




Y 


44 


Coin 


6J 


5.2 


Palladium 


Sulfide 


HsS + C 


None 


Ton seal 


0.75 


N 



•AO anodes are platinum and the ceils art plastic. 

■Coin * arc-netted powder and rolled into coin shape, and wire » 0.032-in. diameter. 

•Cells that are thought to produce excess tritium are i n d ic ated by "Y." 

*std m sanded with 200 grit paper and washed with HNOj. 

*Tbio » 0.0004 g/ml thiourea added to electrolyte. 

•H^S + C« heated in vapor produced by a mixture of paraffin and sulfur. 

f Cn,Pb » probable impurity on cathode surface due to attack of solder and coi ^ctor. The measured D/Pd probably too high because 
of this deposition* 
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TABLE H 

Cdb Running When Tritium Measurements Were Started (gross count/mm -ml) 
(10-min count using 1 ml of electrolyte) 



Date 


D«y 


Jane 13 


0 


Jane 14 


1 


Jane IS 


2 


Jane 16 


3 


June 17 


4 


jane la 


a 

3 


June 19 


6 


Jane 20 


7 


Jane 21 


8 


Jane 22 


9 


Jane 23 


10 


Jane 24 


11 


Jane 25 


12 


Jane 26 


13 


Jane 27 


14 


Jane 28 


IS 


June 29 


W 


Jane 30 


17 


July 1 


18 


July 2 


19 


JalyS 


20 


July 4 


21 


July 5 


22 


July 6 


23 


July 7 


24 


July 8 


25 


July 9 


26 


July 10 


27 


July .11 


28 



CeD Number 



26 


27 


28 


29 


30 


31 


33 


34 


35 


36 


37 


40 


41 


42 


43 


44 














Stan 


m 
















June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


June 


1 


1 


2 


5 


5 


8 


15 


15 


15 


17 


17 


20 


21 


24 


24 


26 


77c* 


80 


78c 


c 


























77 


79 


71 


182 




97 






















76c 


77 


74c 


154 


4204 


68 






















103 


99 




129 


7711 


fli 


OO 




71 
















80 


78c 


57 


122 


3730 


80c 


75c 


78c 


77c 




















88 


Q 


130C 


83 


91 


85 


85 
















71c 


67 


70 


67 


111 


72 


75 


70 


67c 


76 


69 












73 


71 


72 


75 


78 


73 


c 




80 


80 


80 












73 


70c 


70 


70 


80 


80 


69 




72 


83c 


76 


65 










64 


<8 


o9C 


71C 






Aft 




67 


67 


95 


111 


70 








120 


74 


64 


69 


77 




75 


68 


68 


77 
















77 


75 


76 








66 


64 


70 


69 








84 


76 


83 


99 


88 










129 


70 


103 


80 


88 


OO 




c 


110 


93 
















110 


1QB 


112 




120 




— 


133 


110 
















128 


120 


135 


103 


10S 






120 
















118 


103 


113 


83 


103 






121 


















105 


103 


T4 


83 






126 


















114 


105 


1!3 


80 


t b 






139 


















118 


102 


128 


97 


77 






131 


















115 


95 


118 


88 


91 






134 


















126 


100 


114 


88 


78 






130 


















117 


95 


122 


100 


80 






131 




















108 


128 


116 


69 






78 


















110 


85 


108 


*» 


72 






94 


















108 


86 


111 


90 


85 






100 


















225 


96 


113 


134 


83 






97 






















85 


102 


83 






96 






















88 


109 


79 






101 






















94 


102 



Note: Samples showing what we believe to be excess tritium are indicated in bold type. Other, isolated high values are assumed to be 
■ caused by sampling errors. 

•c * electrolyte dunged. 
*a » new cefi. 



snail increase in tritium level was seen after -30 days from 
the start. No detectable tritium was found in the electrode at 
the end of the study. 

Cells 41 and 43 also produced minor amounts of mourn. 
Cell 41 contained - 12 in. of 0.81-mm (0.0324n.>diam wire* 



•Supplied by J. Marshal, Marshal Laboratories, 5854 Rawhide 
Court, Suite B, Boulder, Colorado 80302. Detected elements were 
is follows: stver * 20, aluminum = 35, gold = 115, calcium = 10, 
iron » 95, platinum * 140, silicon = 40, and zinc » 25 ppm (wt). 
Undetected dements were As, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, 
Cu, Dy, Er, Eu, Ga, Cd, Ge, Hf, Hg. Ho, Ir, U, UU Mg, 
Mn, Mo, Nb, Nd, Ni, Os, Pb, Pr, Rb, Re, Rh, Ru, Sb, Sc Se, 
Sm, Sn, Tl, Tm, U, V, W, Yb,andZr(ail< 10 ppm). 



that was wound into a spiral. Cell 43 was an alloy of palla- 
dium and boron that was made by arc-melting the elements 
together. Although the tritium coutem of these cells is small, 
the amount is significant because the abrupt increase is not 
cpuffj fry nt with the gradual increase from enrichment. The 
amount is well outside the uncertainty in counting error, as 
is demonstrated later. The enrichment phenomenon also is 
cfiscussed in detail later. The few high, isolated high count- 
ing rates were ignored as being possible sampling mors. 

Inactive cells running at the same time (26, 27, 28, 31, 
and 33 through 37), using the same heavy water, gave an 
average disintegration rate of 154 ± 31 dis/min-ml based on 
96 data points shown in Table II. This value is somewhat 
higher than the tritium level measured later in closed cdls be- 
cause of enrichment in these open cells. 



FUSION TECHNOLOGY VOL. 17 JULY 1990 



683 



Storms and Talcott TRITIUM PRODUCTION 



To verify that the high counts in cefls 29 and 30 were not 
caused by c h c mflnmmn icence. three p roce dure were applied: 

1. Part of the sample was neutralized, distilled, and 
counted. 

2. The fight sp ec trum * was measured and compared to 
a known tritium sample. 

3. The mdistaied sample was recounted after sitting a 
month* 

AH three procedures were consistent with tritium being pres* 
em in the samples. A similar result was obtained when sam- 
ple 30 was counted l>y another group at Los Alamos National 
Laboratory. 

0afaSet2 

Gradually the cells were modified. First, plastic was sub- 
stituted for glass and then ^combiners* were added. The 
recombinate ran back into the cell, and any excess gas left the 
ceD through a small hole. About 16 cells were studied in this 
way. Examples of the counting rate are shown in Table III. 

As can be seen in Fig. 3, where two typical ceils are plot- 
ted as a function of time, the tritium values were essentially 
constant as would be expected for inactive dosed cells. The 



*The light spectrum is different when luminescence is caused by 
beta. emission compared to chemical effects. 



ine is a least-squares fit to sample S2. The tritium disintegra- 
tion rates for these inactive cells are listed in Table IV along 
with the standard deviations. The scatter in these data is 
useful in evaluating the total random errors associated with 
counting, with transferring the electrolyte to the scintillator 
fluid, and with changes in background. An evaluation of 
these inactive cells indicates an average standard deviation 
of ±14 dis/min-ml involving a 41-day period, 13 cells, and 
446 measurements. However, because a few very high or low 
points are occasionally seen, daim of tritium production is 
only based on a consistent pattern of values that is wefl out- 
ride this error. In addition, this data set gives an average 
value of 1 38 dis/min • ml as the disintegration rate of tritium 
in the electrolyte used in this work. During the duration of 
the studies described in this technical note, approximately 
thirty 1-/ bottles of heavy water 5 were used with no signifi- 
cant difference in tritium activity from this value or between 
individual bottles* 

Tht background is based cm using 1 ml of old wefl water 1 
in place of the electrolyte and counting for 10 min. Data for 
100 days are shown as a function of time in Fig. 4. This time 
interval overlaps data sets 2 and 3. There is no apparent trend 
with time and the average value is 19.3 ± 2.4 count/min. A 
rounded value of 20 count/min is used in all calculations. 

The absence of any tritium production activity in these 



'Very old (>2000 yr) wefl water is available at Los Alamos and w*s 
used because of its very low tritftu- content. 
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Fig. 3. Example of dosed cell behavior. Coded points were eliminated in the data treatment. 



45 



684 



FUSION TECHNOLOGY VOL. 17 JULY 1990 



Storms and Taicott TRITIUM PRODUCTION 



TABLE III 

Closed O il* Run with Recombiners [gross counting rates (count/nun- ml)] 
(10-min count using I ml of electrolyte) 



Date 



Day 



Cell Number 



49 


51 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


65 








Start* 






August 


July 


July 


July 


July 


August 


August 


August 


August 


August 


August 


August 


August 


15 . 


4 . 


31 


31 


31 


9 


9 


A 

9 


9 


A 

9 


9 


9 


15 




80 


70 


70 


80 


60 


70 


70 


70 


70 


70 


TO 

7U 






73 


■ft 

71 


68 


71 


79c - 


65 


68 


66 


66 


66 


59 




78 


77 


o-y 

o7 


OA 

OU 


ai 


rO 


78 


79 


91 


82 


96* 


99 


69 


03 


7t 


03 


67 


73 


67 


68 


d b 


d 


67 


71 


75 


73 


01 


71C 


Or 


69 


68 


66 


65 


d 


d 


68 


68 


68 


67 


05 


7U 


to 
/u 


70 


71 


70 


70 


d 


d 


69 


69 


73 


66 


70 


72 


67 


71 


71 


73 


68 


d 


d 


70 


69 


78 


69e c 


71 


. 7X 


TO 

/w 


70 


65 


70 


66 


106 


71 


70 


73 


80 


68 


04 


06 




7n 

IV 


uy 


an 


71 


82c 


68c 


63c 


65 


71 


70 


00 


71 


/4 


75 


68 


68 


69 


61 


70 


65 


69 


72 


70 


71 


70 


72 


67 


70 


66c 


66 


70 


68 


70 


71 


75 


66 


a*) 
82 


73 


75 




81 


80 


65 


70 


56 


73 


74 


71 


60 


76 


70 


71 


71 


129 


73 


69 


73 


71 


72 


76 


72 


68 


73 


68 


73 


72 


79 


72 


72 


68 


59 


68 


66 


66 


07 


77 


7T 

72 


75 


67 


69 


74 


71 


74 


72 


76 


78 


69 


07 


72 


73 


77 


71 


94 


66 


70 


75 


74 


68 


70 


65 




5 J 


71 


71 


69 


73 


70 


73 


80 


75 


77 


71 


63 


oo- 


70 


^72 


75- 


71 


84 


68 


69 


77 


68 


69 


71 


66 


71 


76 


72 


71 


74 


84 


69 


68 - 


70 


67 


70 


71 


73 


71 


75 


69 


74 


73 


88 


71 


69 


73 


69 


'l l 


71 


69 


68 


77 


74 


79 


76 


90 


74 


71 


72 


70 


£ 70 


73 


66 


74 


81 


73 


73 


82 


90 


74 


75 


76 


77 


73 


69 


68 


73 


79 


74 


74 


75 


80 


77 


76 


81 


78 


72 


79 


70 


69 


67 


74 


73 


76 


72 


67 


67 • 


72 


72 


74 


69 


72 




69 


68 


76 


89 


70 


72 


80 


71 


73 


76 


67 


50 




70 


70 


80 


90 


80 


70 


80 


70 


70 


70 


70 


71 




71 


71 


70 


82 


74 


72 


75 


70 


73 


73 


64 


71 




71 


76 


73 


83 


75 


76 


74 


75 


71 


73 


70 


73 




75 


68 


71 


82 


70 


72 


77 


75 


73 


75 


68 


81 




75 


74 


77 


84 


67 


80 


78 


73 


77 


78 


65 


67 




68 


72 


76 


78 


70 


73 


72 


71 


70 


79 


70 


82R d 








86R 








85R 


79R 




70R 



August 11 
August 14 
August 15 
August 16 
August 17 
August 18 
August 21 

August 22 
August 23 
August 24 
August 25 
August 26 
August 27 
August 28 

August 29 
August 30 
August 31 
September 1 
September 5 
September 6 

September? 
September8 
September 11 
September 12 
September 13 
September 14 

September 15 
September 18 
September 19 
September 20 
. September 21 
September 26 



0 
3 
4 
5 
6 
7 
10 

11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
25 
26 

27 
28 
31 
32 
33 
34 

35 
38 
39 
40 
41 
46 



Note: Values in italic were eliminated in the data treatment. 
*c » new electrolyte. 

b d»Iow count because of suspended blade nickel oxide. 
c e = gas recombination ex plosion . 
*R a after current reverse. 



cefls suggests that the plastic container or the recombiner ma- 
terial added m nffrfog to the electrolyte that inhibited the re- 
action. Consequently, future cells were made of glass and 
were designed so that the recombinate did not flow bade into 
the cell. This design allowed the tritium content of the gas to 
be determined, and, from this information, the distribution 
ratio of tritium between liquid and gas could be calculated. 

Data Srt3 

The latest group of cells have the design shown in Fig. 5. 
Here, the recombinate is collected in a plastic intravenous 



(TV) bag. The cell is a glass jar containing 120 ml of fluid, and 
the anodes are either platinum gauze or nickd wire. In each 
ca se w there is a minimim distance of —5 mm between the 
anode and cathode. Parafilm was wrapped around the jar to 
seal the lid, a glass tube protected the lead from dectrolytic 
attack, and Torr Seal was applied where the leads passed 
through the lid. A hypodermic needle was used to attach the 
IV system to the cell. Thus, stainless sted was in the cell in 
addition to 02 N LiOD and the anode material. A small sili- 
cone rubber disk was placed, in some cases, on the end of the 
cathode to prevent shorting to the anode. 
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TABLE IV 



Trithtm Disintegration Rate and Standard Deviation 
for Inactive Cdb in Data Set 2 



Cell 




Number of 


Number 


dis/min*mi 


Values 






28 
•o 






23 


34 


134 ±10 


38 


55 


137 ± 12 


38 


56 


138 ± 12 


36 


57 


154 ±23 


30 


38 


134 ±11 


31 


39 


136 ±12 


26 


60 


142 ± 14 


27 


61 


132 ±14 


31 


. 62 


134± 7 


30 


63 


141 ± 9 


29 


63 


127 ± 7 


28 



Seven of the 9 cefls that were started at the same time and 
were running in series at constant current' showed evidence 
of tritium production. Two were apparently inactive* The 
design details of this group are shown in Table V, and the 
counting rates are listed in Table VI. 

Two cells, 70 and 79, used cathodes made from l.tanm 
wire. k Both used a nickel wire anode, but 79 had a small 
piece of silver attached. Cells 71 to 78 had palladium cathodes 
cut as a 1-mm strip from a 1.3-mm-thick sheet. 1 All of the 
strips except one (78) were heated in paraffin vapor. A few 



*The power supplies were Hewlett-Packard 6038A. 
'Supplied by Professor Martin, Texas AAM University. 
'Purchased from Engtehard Company. 



30 



_ 25 ; 




v 0 20 40 60 80 100 

Time (days) 

Fig. 4. Counting background during time interval of data sets 2 
and 3 based on 1 ml of tritium-free water. 




Fig. 5. CeQ design 5. 



TABLE V 



Materials Used in Cells 70 to 79 



CeB 










Excess 




Number 


Shape 


Surface Treatment 


Method 


Anode 


Tritium 


D/Pd 


70 


Wire 


None 


HNOj* 


Ni + S b wire 


No 




71 


Strip 


C(0.0001;)-S(0.0013*) 


Paraffin, H2S 


Platinum gauze 


Yes 


>0.55 


72 


Strip 


C(O.00OU>-S<O.00OOg) 


Paraffin, HjS 


Platinum gauze 


Yes 


0.81 


73 


Strip 


C(0.0u02f) 


Paraffin 


Nickel wire 


Yes 


0.81 


74 


Strip 


C(p.0003f) 


Paraffin 


NJ + Swire 


No 


0.78 


73 


Strip 


Q0.0001j)-S<0.0000*) 


Paraffin, HaS 


Platinum gauze 


Yes 


0.71 


77 


Strip 
Strip 


C(0.0002x)-S(0.0004g) 


Paraffin, HjS 


Platinum gauze 


Yes 


0.69 


78 


None 


HNO3 


Ni + S wire 


Yes 


0.79 


79 


Wire 


None 


HNO, 


Nickel wire + silver 6 


Yes 


<0.94 



Note: AH electrode areas = *1J cm 2 and all cells are glass. 



•Cleaned with dilute HNO3. 
b Nickd wire heated in HjS. 
<A small piece of silver is attached to the nickel wire. 
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TABLE VI 

Gross Count/min • ml Obtained from Cells 70 to 79 
- (Recombinate counting rates ye identified with a f.) 



Date 

Septembers 
September 6 
September 7 



Septembers 
September 11 
September 12 
September 13 



14 

September 15 
September 18 
September 19 
September 20 
September 21 



September 22 
September 25 
September 26 
September 27 



September 28 
September 29 

October 2 
October 3 
October 4 
Octobers 
October 6 
October 10 

October 11 
October 12 
October 13 
October 16 
October 17 
October 18 

October 19 
October 20 
October 23 
October 24 
October 2?- 
Novcmber 3 

November 6 
November 7 
November 9 
November 13 
November 15 
November 17 



70 

Stan 

64 
79 
62 
64 
60 

70 

n 

73 
65 
67 
71 

74 

77 
77 
77 
83 
76 

86 

79 
82 
84 
78 
78 

78 
84 
81 
82 
76 
77 

80 
82 
83 
86 
79 
90 

84 
84 
80 
103 
90 
87 



70* 



63 

69 
78 

75 



71 



74 
91 

92 
80 



71 



Start 

87 
99 
80 

100 
106 
129 
116 
116 
109 

116 
118 
121 
121 
128 
118 

132 
113 
121 
126 
115 
111 

117 
118 
118 
111 
120 
110 

116 
111 
110 
106 
113 
116 

111 
109 
107 
109 
102 
109 



71* 



100 



106 



91 
99 

110 



106 
110 



103 
89 



90 
89 



98 
91 

108 
101 



72 



Start 
74 
56 
80 
86 

90 
97 
95 
89 
97 
93 

105 
107 
106 
108 
115 
106 

107 
121 
118 
115 
106 
108 

107 
103 
109 
111 
113 
107 

106 
111 
105 
106 
115 
.121 

107 
109 
104 
109 
107 
110 



72* 



80 



90 



87 



73 



Start 

60 
77 
85 

100 
110 
135 
128 
135 
122 

133 
147 
145 
153 
164 
144 

147 
167 
165 
151 
124 
123 

130 
118 
116 
118 
110 
111 

104 

116 
105 
110 
114 

105 
108 
105 
105 
105 
95 



73* 



100 



93 

121 

102 
122 

117 

107 
105 



114 
99 



99 
82 

100 
106 



74 



Start 
59 
57 

58 

70 
73 
63 
67 
72 
70 

72 
67 
68 
74 
78 
72 

85 
77 
76 
83 
80 
81 

81 
80 
76 
77 
81 
83 

81 

75 
79 
79 
84 

75 
75 
76 
73 
73 
74 



74* 



60 



77 



73 



84 

108 



75 
95 

91 
86 



75 



Start 
69 
66 
90 
94 

100 
101 
123 
119 
128 
119 

122 
124 
129 
120 
126 
129 

136 
148 
150 
151 
122 
116 

112 
123 
115 
116 
114 
118 

115 
123 
114 
110 
114 
130 

117 
107 
111 
102 
106 
106 



75* 



100 



115 



107 



110 
119 

124 

115 
128 



102 
106 



88 
92 



99 
106 

111 
102 



77 



77* 



Start 
84 

80 
56 

90 

113 
122 
122 
123 
117 

121 
131 
117 
126 
133 
133 

123 
123 
132 
131 
122 
116 

133 
116 
118 
116 
115 
121 

121 
113 
115 
112 
116 
119 

117 
120 
110 
117 
115 
119 



100 



96 



101 



90 
124 

108 

144 

103 



98 
106 

112 
90 



78 



Start 
75 
83 
84 
86 

90 
109 

98 
106 
107 
105 

108 
120 
113 
120 
124 
124 

141 
123 
129 
130 
115 
111 

HZ 
K» 
104 
115 
108 
109 

109 
111 
109 
106 
109 
105 

106 
107 
103 
103 
106 
109 



78* 



93 



96 



100 
132 

100 

115 
101 



102 
96 



105 
101 

103 
93 



79 



Stan 
67 
89 
88 
86 

100 
103 
109 
107 
112 
101 

112 
130 
119 
121 
127 
126 

122 
127 
125 
136 
118 
119 

116 
112 
115 
113 
108 
106 

109 
109 
96 
97 
96 
100 

92 
90 
89 
87 
90 



Note: The gas lamptes are 
(±0.01 ml), winch is 



based on 0.5 mi of recombinate and, therefore, have a larger uncertainty (±0*02 ml) 
based on 1 ml. 



than the electrolyte 



were subsequently heated in HaS- Although the temperatures 

action with the paraffin and H^S was notrf Tto jragg 
c£nge is noted in Table V. At the end of the study, the 
cathodes were weighed to determine the deuterium content, 
Sd^Tlisted D/Pd ratios were calculated. The cathode in 
S? 71 showed a nonuniform surface discoloration, and «J 
79 had a heavy, dark surface covering that was probably 

^Cdls 71, 72, 75, and 77 had an anode made from plati- 
FUSION TECHNOLOGY VOL. 17 JULY 1990 



num gauze that wis formed into a l<awfiam tube. TTie nickel 
anode in cells 70, 74, and 78 was heated in HjS before use. 

Periodically, 0 J ml of fluid was removed from the repon 
below the recombiner in the IV drip system where -I ml of 
recombinate was trapped. This was analyzed for maum and 
is iHigi*— with a g in Table VI. 

Cells 70 and 74 showed no detectable excess tntium. 
Nevertheless, the two inactive cefls had a slow, similar in- 
crease in tritium content' due to enrichment/ 4 as can be seen 
in Fig. 6. This contrasts with the dosed cdl behavior seen 
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in Fig. 3. During the first 30 days, the distribution ratio of 
both cells appears to be independent of time and current 
within the scatter of the data. After the current was reduced 
at day 31, cell 74 began losing tritium preferentially into the 
gas. Cell 70 continued to show an expected increase in tri- 
tium content. The average distribution ratio (gas/liquid) for 
cell 74 is 1.12 ± 0.17 (13 data sets) compared to a value of 
0.91 ± 0.16 (15 data sets) for cell 70. These values are rather 
uncertain because the gas samples are based on only 0.5 ml 
of fluid taken using a hypodermic syringe rather than a cali- 
bratedjzipeae. Consequently, only the trend to a higher value 
for cell 74 compared to cdl 70 can be accepted. 

The scatter in counting rate for the electrolytic samples, 
which is approximately ±5count/mtn*ml (tl4dis/min*mI), 
is caused by the sum of errors in sampling, counting, and 
changes in background. This value is consistent with the be- 
havior of data set 2, as described previously. 

The cells that have produced tritium are compared in 
Fig. 7. There is a range of values, but each exceeded the count 
rate of the inactive cells after -2 to 3 days and continued to 
increase in steps. Several of the cells have shown especially 
interesting behavior. Two most active cells (73 and 75) are 
compared to an inactive cell (70) in Fig. 8. The scatter of val- 
ues for the active cells is larger than that found for inactive 
mitigating possible production of tritium bursts. In gen* 
eral, the recombinate followed the count rate of the dectro- 
lyte but had a smaller value. Thus, there is no indication that 
significant tritium has left the ceil by means of the gas phase, 
in contrast to the experience at Texas A&M University 7 
where much higher production rates were observed. Occa- 
sionally, slightly more tritium is found in the recombinate 
than in the liquid such as on October 6 in cell 77 or on Oc- 
tober 10 in cdl 75. These values might have resulted because 
of short tritium bursts before the sample was taken or be- 



cause of sampling errors. The absence of a pattern caused us 
to ignore such values. / 

b is interesting that aD the ce0s > that produced tritium ap- 
peared to start and stop production at approximately the 
same time. Once tritium production stopped, the amount of 
tritium appeared to decrease over several days to a constant 
value that is significantly above that shown by inactive cells. 

Several cells containing 0.2 N LiOH (normal water elec- 
trolyte), a palladium cathode, and a nickd anode have been 
studied recently for up to 30 days with no increase in tritium 
concentration. Although this is a rdativdy short time, it is 
longer than is necessary to produce tritium in D2O cells that 
become active. Such water cdls will be induded in future 
work. 



DISCIISMOM 

Production of excess tritium in cdb 71, 72, 73, 75, 77, 78, 
and 79 is evident in the data shown in Fig. 7 where a compar- 
ison is made for the two inactive cdls. To determine the mag- 
nitude of this excess, the effect of enrichment must be 
subtracted. Based on measurements of tritium in the gas and 
electrolyte of cdls 70, 73, 74, and 75, a distribution ratio of 
0,84 was chosen to calculate the excess tritium in cefl 73. This 
calculation shows that more tritium was found in cdl 73 than 
was present initially or was in the O3O that was added as 
electrolyte replacement. 

The distribution ratio in this study is defined as the tri- 
tium concentration of the gas divided by the tritium concen- 
tration of the liquid. A value less than unity is calculated 
when the tritium content of the liquid increases while a value 
greater than unity results when tritium is preferentially lost 
by the liquid. 
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Fig. 7. Comparison among all ceils in this series. 
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Fig- 8. Tritium counts for two active ceils and one inactive cell. The tritium activity in the recombinate is shown as open symbols. 



The excess tritium is determined by taking the initial tri- 
tium content, subtracting the tritium lost to the gas phase due 
to electrolysis, and adding the amount used to replace that 
volume lost by the cell. m The excess is the difference between 
the resulting value and the measured amount of tritium de- 
termined daily. Table VII lists the daily inventory of tritium 
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■We added 1 ml of electrolyte, to replace that taken during sam- 
pling, and DjO, to replace that lost due to electrolysis, on a daily 
basis, generally before the tritium sample was taken. Because the 
cell contained 120 ml of electrolyte and the electrolysis rate was 
generally low, these periodic additions of fluid had only a small 
perturbation on the tritium concentration. 
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TABLE VU 



Tritium Inventory and Excess Calculated for CeOs 70 and 73 Using a Distribution Ratio of 0.84 



1 


2 


" 3 


' 4 


3 


6 


7 


8 


9 


10 


11 




Gross 


Net 




















COUBtlfif 










Added 


Lost 


Tritium 


Excess 






Rate 


Rate 


/ 




Sum 


Tritium 


Tritium 


Present 


. Tritium 


Fraction 


Omy 


(count/mm) 


(dis/min) 


(mA) 


(ml/day) 


DjO 


(moi) 


(moi) 


(moD 


(moi) 


Tritium 


Cdl 70 


0 




ISO 


50 


0.00 


0.0 


O.OE+OO* 


0.0E+00 


2.8E-13 






1 




150 


50 


0.41 


0.4 


9JE-16 


7.9E-16 


2.8E-13 


-1JE-16 


-0.00 


2 


76 


147 


50 


0.41 


0.8 


4.2E-15 


3.9E-13 


2.7E-13 


-5JE-15 


-0.02 


3 


79 


155 


50 


0.41 


1.2 


7JE-15 


7.1E-1S 


2.9E-13 


9.4E-15 


0.03 


4 




ISO 


50 


0.41 


1.6 


8.4E-15 


7.9E-15 








5 




ISO 


so 


0.41 


2.0 


9.4E-15 


8.7E-15 








6 


• 62 


111 


50 


0.41 


2.4 


1JE-14 


I.1E-14 


2.IE-13 


-7JE-14 


-0.27 


7 


64 


116 


50 


0.41 


2.8 


1.6E-14 


1.3E-14 


2.2E-13 


-6.6E-14 


-0.24 


8 


60 


105 


50 


0.41 


3.3 


1.9E-14 


1.6E-14 


2.0E-13 


-8.7E-14 


-0.31 


9 


70 


132 


100 


0.81 


4.1 


2.3E-14 


1.9E-14 


2.4E-13 


-3.9E-14 


-0.14 


10 


73 


139 


200 


1.63 


3.7 


3.0E-14 


2.4E-14 


2.6E-13 


-2JE-14 


-0.09 


11 




140 


200 


1.63 


7J 


3JE-14 


2.7E-I4 




• 




12 




140 


200 


1.63 


9.0 


3.7E-14 


3.0E-14 








13 


73 


139 


200 


1.63 


10.6 


4JE-14 


3JE-14 


2.6E-13 


-2.8E-14 


-0.10 


14 


65 


118 


200 


1.63 


12^ 


4.9E-14 


4.0E-14 


2JE-13 


-6.9E-14 


-0^3 


13 


67 


124 


200 


1.63 


13.8 


5JE-14 


4.4E-14 


2.3E-13 


-6.0E-14 


-0^2 


16 


71 


134 


200 


1.63 


15.5 


6.2E-14 


4.9E-14 


2-5E-13 


-4.2E-14 


-0.13 


17 


74 


142 


300 


2.44 


17.9 ' 


7.0E-14 


5.6E-I4 


2.6E-13 


-2.9E-14 


-0.10 


18 




140 


300 


• 2.44 


20.3 


7.3E-14 


6.0E-14 




_ 




19 




ISO 


300 


• 2.44 


22.8 


8.1E-14 


6.5E-14 






_ 


20 


77 


150 


300 


2.44 


25.2 


8.9E-14 


7.2E-I4 


2.8E-13, 


-1.7E-14 


-0.06 


21 


77 


150 


300 


2.44 


27.7 


9.7E-14 


7.9E-14 


2.8E-«lj 


-1.8E-14 


-0.06 


22 


77 


150 


400 


3.26 


30.9 


1.1E— 13 


8.SE-14 


2.8E-13 


— 1.9E-14 


— O.07 


23 










id l 








1 HE— 14 


0.04 


24 


76 


147 


400 


3.26 


37.4 


1.3E-13 


1.1E-13 


2.7E-13 


-2.6E-14 


-0.09 


25 




ISO 


400 


3.26 


40.7 


1.3E-I3 


1.1E-13 








26 




160 


400 


3.26 


44.0 


1.4E-13 


1.2E-13 








27 


86 


174 


400 


3-26 


47 j 


1.3E— 13 


1.3E—I3 


3.2E—I3 


14 


v.Uo 


*Jo 


7Q 


144 

uj 




3.26 


50.5 


1.6E-13 


1.4E-13 


2.9E-13 


-1.4E-14 


-0.-05 




0* 


163 


400 


3.26 


53.7 


1.7E-13 


1.5E-13 


3.0E-13 


6.3E-16 


0.00 


30 - 


84 


168 


400 


3.26 


57.0 


1.8E-13 


1.6E-13 


3.1E-13 


1.0E-14 


0.04 


31 


78 


153 


400 


3.26 


60.2 


1.9E-13 


1.7E-13 


2.8E-13 


-2.0E-14 


-0.07 


32 




- 150 


400 


3.26 


63.5 


2.0E-13 


1.7E-13 








33 




150 


400 


3.26 


66.7 


2.1E-13 


1.8E-13 








34 




150 


400 


3.26 


70.0 


2.1E-13 


1.9E-13 








35 


78 


153 


400 


3.26 


73.3 


U2E-XZ 


1.9E-13 


2.8E-13 


-2.5E-14 


-0.09 


36 


78 


153 


400 


3.26 


76.3 


2.3E-13 


2.0E-13 


2.8E-13 


-2.6E-14 


-0.09 


37 


84 


168 


200 


1.63 


78.1 


2.4E-14 


2.1E-13 


3. IE- 13 


3JE-15 


0.01 


38 


81 


161 


200 


1.63 


79.8 


2.5E-13 


2.1E-13 


3.0E-13 


-1.1E-14 


-0.04 


39 


160 


200 


1.63 


81.4 


2JE-13 


2.2E-13 








40 




160 


200 


1.63 


83.0 


2JE-13 


2JE-13 








41 


82 


163 


200 


1.63 


84.7 


2.6E-13 


2.3E-13 


3.0E-I3 


-7.4E-15 


-0.03 


42 


76 


147 


200 


1.63 


86.3 


2.7E-13 


2JE-13 


2.7E-13 


-3.7E-14 


-0.13 


43 


77 


150 


200 


1.63 


87.9 


2.7E-13 


2.4E-13 


2.8E-13 


-3JE-14 


-0.12 


44 


80 


158 


200 


1.63 


89J 


2.8E-13 


2.4E-13 


2.9E-13 


-1.9E-14 


-0.07 


43 


82 


163 


200 


1.63 


91.2 


2.8E-13 


2JE-13 


3.0E-13 


-9.1E-IS 


-0.03 


46 


83 


166 


200 


1.63 


92.8 


2.9E-13 


2.6E-13 


3.1E-13 


-4JE-15 


-0.02 


47 


86 


174 


200 


1.63 


94.4 


3.0E-13 


Z6E-13 


3.2E-13 


1.1E-14 


0.04 


48 




160 


200 


1.63 


96.0 


3.0E-13 


2.7E-13 








49 




160 


200 


1.63 


97.7 


3.0E-13 


2.7E-13 






-0.09 


30 


79 


155 


200 


1.63 


99.3 


3.1E-13 


2.8E-13 


2.9E-13 


-2JE-14 



See footnotes at end of table. 

(Continued) 
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TABLE VII (Continued) 



1 


2 


J 


4 


5 


6 


7 


8 


9 


10 


11 


Day 


Gross 
Counting 
Rate . 
(count/min] 


Net 

Decomposition 
Rate' 
(dis/min) 


/ 

(mA) 


DjQ 

(ml/day) 


Sum 
PjO 


Added 
Tritium 
(mol) 


Lost 
Tritium 
(mol) 


Tritium 
Present 
(mol) 


Excess 
Tritium 
(mol) 


Fraction 
Tritium 


Cdl 70 (Continued) 


51 
52 
S3 
54 

55 
56 




160 

170 
170 
170 

180 


200 
200 
200 
200 

200 


1.63 
1.63 
1.63 
1.63 

I. 04 

1.63 


100.9 
102.6 
104.2 
105.8 

1IY7 A 

109.1 


3.1E-13 
3.2E-13 
3.2E-13 
3.3E-13 

3JE-13 


2.8E-13 
2.8E-13 
2.9E-13 
2.9E-13 

J QC.I1 

3.0E-13 




0 




57 
58 
59 
60 
61 


90 

84 
•4 


184 
170 
170 
168 
168 


200 
200 
200 
200 
200 


1.63 
1.63 
1.63 
1.63 
.1.63 


110,7 
112 J 
114.0 
115.6 
117.2 


3.4E-13 
3.4E-13 
3.5E-13 
3JE-13 
3.6E-13 


3.0E-13 
3. IE- 13 
3.1E-13 
3.2E-13 
3.2E-13 


3.4E-13 

3.1E-13 
3.1E-13 


2.9E-14 

-8.2E-16 
-7JE-16 


0.10 

0.00 
0.00 


62 
63 
64 
65 
66 


80 


160 
158 
170 
170 
170 


200 
200 
200 
200 
200 


1.63 
1.63 
1.63 
1.63 
1.63 


118.8 
120.5 
122.1 
123.7 
125.3 


3.6E-13 
3.7E-13 
3.7E-13 
3.8E-13 
3.8E-13 


3JE-13 
3JE-13 
3.4E-13 
3.4E-13 
3.4E-13 


2.9E-I3 


-2. IE- 14 


-0.08 


67 
68 
69 
70 

i 71 

i- 


103 
90 
87 


218 
200 
184 
180 

176 


200 
200 
200 
200 
200 


1.63 
1.63 
1.63 
1.63 
1.63 


127.0 

128.6 
130.2 
131.9 
133.5 


3.9E-13 
3.9E-13 
4.0E-13 
4.0E-13 
4.1E-13 


3.5E-13 
3.6E-13 
3.6E-13 
3.7E-13 
3.7E-13 


4.IE-13 
3.4E-13 
3JE-13 


9.3E-14 
3.0E-14 
1.6E-14 


0.33 
0.11 

0.06: 


Cdl 73 




* 


.> 




0 
1 
2 
3 
4 
5 


66 
77 
85 
100 


147 
150 

121 
150 
171 
211 


50 
50 
50 
100 
200 
200 


0.00 
0.41 
0.41 
0.81 
1.63 
1.63 


0.0 
0.4 
0.8 
1.6 
3.3 
4.9 


0.0E+00 
9.5E-16 
4.2E-15 
8.4E-15 
1.5E-14 
2.1E-14 


0.0E+OO 
7;9E-I6 
3JE-15 
7.2E-15 
1.4E-14 
2.1E-14 


2.7E-13 

2.3E-13 
2.8E-13 
3.2E-13 
3.9E-13 


-4.9E-14 
4.4E-15 
4.4E-14 
1.2E-13 


0.00 

-0.18 
0.02 
0.16 
0.43 


6 
7 
8 
9 
10 
11 


no 

135 
128 
135 


237 
100 
300 
303 
284 
303 


200 
200 
200 
200 
200 
300 


1.63 
1.63 
1.63 
1.63 
1.63 
2.44 


6.5 
8.1 
9.8 
11.4 
13.0 
15.5 


2.7E-I4 
3.1E-14 
3.4E-14 
4.QE-14 
4.7E-14 
5.5E-14 


3.0E-14 
3.6E-14 
4.3E-14 
5.4E-14 
6.4E-14 
7.8E-14 


4.4E-13 

5.6E-13 
5.3E-13 
5.6E-13 


1.7E-13 

3.0E-13 
2.7E-13 
3.1E-I3 


0.62 

1.11 
1.00 
1.15 


12 
13 
14 
15 
16 
17 


122 
133 

147 
145 


268' 
297 
300 
300 
334 
329 


300 
300 
300 
300 
400 
400 


2.44 
2.44 
2.44 
2.44 

3.26 
3.26 


17.9 
20 J 
22.8 
25.2 
28.5 
31.7 


6JE-14 
7.1E-14 
7.6E-14 
8.2E-14 
9.2E-14 
1.0E-13 


9.1E-14 
1.1E-13 
1.1E-13 
1.2E-13 
1.4E-13 
1.6E-13 


5.0E-13 
5.5E-13 

6.2E-13 
6.1E-13 


2.5E-13 
3. IE- 13 

4.0E-13 
4.0E-13 


0.93 
1.15 

1.46 
1.46 


18 
19 
20 
21 
22 
23 


153 
164 
144 

147 


350 
379 
326 
330 
330 
334 


400 
400 
400 
400 
400 
400 


3.26 
3.26 
3.26 
3.26 
3.26 
3.26 


35.0 
38.3 
41J 
44.8 
48.0 
51.3 


1.1E-13 
1JE-13 
1JE-13 
1.4E-13 
1JE-13 
1.6E-13 


1JE-13 
2.0E-13 
2JE-13 
2.4E-13 
2JE-13 
2.7E-13 


6.5E-13 
7.0E-13 
6.IE-13 

6.2E-13 


4.5E-13 
5.1E-13 
4JE-13 

4.6E-13 


1.64 
1.88 
1J6 

1.69 


24 

25 
26 
27 
28 
29 


167 
165 
151 
124 


387 
382 
345 
274 
275 
275 


400 
400 
400 
400 
400 
400 


3.26 
3.26 
3.26 
3.26 
3.26 
3.26 


54.5 
57.8 
61.0 
64.3 
67.6 
70.8 


1.7E-13 
1.8E-13 
1.9E-13 
2.0E-13 
2.0E-13 
2.1E-13 


2.9E-13 
3.2E-13 
3.4E-13 
3JE-13 
3.6E-13 
3.7E-13 


7.2E-13 
7.1E-13* 
6.4E-13 
5.1E-13 


5.7E-13 
5.8E-13 
5.2E-13 
3.9E-13 


2.10 
2.11 
1.89 
1.43 



(Continued) 
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TABLE VII (Continued) 



1 


2 


3 


4 


5 


6 


7 


a 
o 


a 

7 


10 


8 I 




Gross 


Net 






















Decomposition 








Added 


f M» 


i nmini 


Excess 






Rate 


Rate 


/ 


PiO 


Sunt 


Tritium 


Tritium 




i ii mini 


Fraction 


Day 


(count/min) 


(dii/min) 


(mA) 


(ml/day) 


DjO 


(mol) 


(mol) 


(mol) 


(mol) 


Tritium 




Cdl 73 (Continued) 










30 




273 


400 


3.26 


74.1 


2JE-13 


3.9E-13 








31 


123 


271 


200 


1.63 


75.7 


X2E— 13 


4.0E-13 


5.0E-13 


4.0E-13 


1.47 


32 


130 


289 


200 


1.63 


77J 


2JE— 13 


4JE-13 


5.4E-13 


4.4E-13 


1.61 


33 


118 


258 


200 


1.63 


79.0 


4 iC * 4 

2.4E— 13 


4.2E-13 


4.8E-13 


3.9E-I3 


1.41 


34 


116 


253 


?00 


1.63 


80.6 


4 A^ 1* 

2.4E-13 


4.3E— 13 


A 4*S 14 

4.7E— 13 


4 Off 14 

3.8c— 13 


1.39 


35 




250 


200 


1.63 


82JI 


2JE— 13 


4JE-13 








IX 


- 


250 


200 


1.63 


83.8 


2JE-13 


4.4E-13 








37 


118 


258 


200 


1.63 


85.5 


2.6E- 13 


4JE-13 


4.8E-13 


4.0E-13 


1.45 


38 


110 


237 


200 


1.63 


87.1 


2.6c— 13 


4.5E-13 


4.4E-13 


3.6E-13 


1.31 


39 


111 


239 


200 


1.63 


88.7 


4 *TC 14 

2.7c— 13 


4.6E-13 


4.5E-13 


3.7E-13 


L34 


40 


104 


221 


200 


1.63 


90.3 


2.8E— 13 


A 44B 14 

4.7E— 13 


A fl 0 14 

4. IE— 13 


4 4C 14 

3.3c— 13 


t 44 

ImQ 


41 




230 


200 


1.63 


92.0 


2.8E— 13 


4.8E— 13 








42 




230 


200 


1.63 


93.6 


2.8E-13 


4.8E-13 








13 
4 j 




240 


200 


1.63 


95.2 


2.9E— 13 


4.9E-13 








44 


116 


253 


200 


1.63 


96.9 


4 ac it 
2.9c— 13 


5.QE-13 


4.7E-13 


4.0E-13 


1.46 


45 


-105 


224 


200 


1.63 


98.5 


4 AC 14 

3.0£— 13 


5.0E-13 


4.2E-13 


3JE-43 


1.27 


46 


230 


200 


1.63 


100.1 


3.UC— 13 


5. IE— 13 








47 




2JU 






101 7 


3 IE— 13 


5. IE— 13 








18 
•to 

47 


110 


237 


200 


1.63 


103.4 


3.1c— 13 


5.2E-13 


4.4E-13 


3.8E-13 


1.38 




240 


200 


1.63 


105.0 


4 4C « 4 

3.2E— 13 


5.3E-13 








50 




240 


200 


1.63 


106.6 


4. it i s 
3-Zc— 13 


5.3E-13 








51 




240 


200 


1.63 


108.3 


3.2c— 13 


5.4E-13 








52 




240 


200 


1.63 


109.9 


3JE-13 


5.4E— 13 








53 




240 


200 


1.63 


111.5 


3-3E— 13 


3.5c— 13 








54 




240 


200 


1.63 


113.1 


3.4E-13 


5.5E-13 








55 


114 


247 


200 


1.63 


114.8 


3.4E-I3 


5.6E-13 


4.6E-13 


4.1E-13 


1.49 


56 




230 


200 


1.63 


116.4 


3.5E-13 


5.7E-13 








57 




230 


200 


1.63 


118.0 


3JE-I3 


5.7c— 13 








58. 


.105 


224 


200 


1.63 


119.6 


3JE-13 


5.8E— 13 


4.2E— 13 


3.7c— 13. 


1.34 


59 


108 


232 


200 


1.63 


121.3 


3.6E-13 


* AC f 4 

5.9E— 13 


4.3E— 13 


4 on ii 
3.8c— 13 


1 At 


60 




230 


200 


1.63 


122.9 


3.6E-13 


5.9E-13 






1J6 


61- 


105 


224 


200 


1.63 


124.5 


3.7E-13 


6.0E-13 


4.2E-13 


3.7E-13 


62 


220 


200 


1.63 


126.2 


3.7E-13 


6.1E-13 








63 




220 


200 


1.63 


127.8 


3.8E-13 


6.1E-13 








64 




220 


200 


1.63 


129.4 


3.8E-13 


6JE-13 








63 


105 


224 


200 


1.63 


131.0 


3.9E-13 


6JE-13 


4.2E-13 


3.8E-13 


1.38 


66 


225 


200 


1.63 


132.7 


3.9E-13 


6JE-13 






1.39 


67 


105 


224 


200 


1.63 


134.3 


4.0E-13 


6.4E-13 


4.2E-13 


3.8E-13 


68 


225 


200 


1.63 


135.9 


4.0E-13 


6.4E-13 






1.22 


69 


95 


197 


200 


1.63 


137.6 


4.1E-13 


6.5E-13 


3.7E-13 


3.3E-13 



Note: Estimated values are shown in bold type. The following values were used in the calculation- 



1J5 x 10-" mol T « 1 dentin, (1) 
Fresh electrolyte * 2.3 x 10' 15 mol T/ml, C2) 
Density DjO = 1.1 g/ml, (3) 
Tritium half-life * 12.3 yr (4) 

and 

Mol deuterium/day lost owing to electrolysis » 86.4 //96 500, where / is the cdl current (mA) (5). 
•Read as 0.0 x 10*°. 
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in cdb 70 and 73. Hie gross counting rate, shown in column 
2, includes a background of 20 count/mm- ml. Column 3 
shows the net decomposition rate that is calculated by sub* 
tracting 20 from the value in column 2 and dividing by the 
detection efficiency, 0.38. Estimated values of net decompo- 
sition rata are shown in bold type for .days when no measur- 
ement was made, generally holidays, the uncertainty in these 
f ^fti*^ has a negligible effect on the final result. Electro- 
lytic action, due to the current shown in column 4, caused 
DjO to be lost. The daily amount and running sum are 
shown in columns 5 and 6, respectively. The value is calcu- 
lated using Eq. (5) at the end of the table. This lost Dfi con- 
tains less tritium than does the electrolyte because it was 
produced from the gas. The tritira 
troiyxed Squid (hence the gas) is calculated by multiplying the 
distribution ratio by the tritium concentration of the electro- 
lyte. Tlievdun» of this electrtdyied D2O phis that needed to 
replace the sam plin g volume (1 ml on days when a sample 
was taken) was added to the cell. The amount of added tri- 
tium is calculated from its known concentration in the fresh 
D,0 using the factor listed at the end of the table [Eq. (2)]. 
A running sum of the added tritium is fisted in column 7. The 
excess shown in column 10 is calculated by adding the value 
in column 7 to the initial tritium content of the cdl, subtract- 
ing the amount lost (column 8), and subtracting the result 
from the measured daily value in column 9. These data are 
also given as fraction increase, shown in column 11. This 
qi^ntity is obtained by dividing the excess tritium value for 
each day by the excess prescrion the first day. 

Cdl 70 shows no sign of excess tritium production and is 
us 4 to determine the distribution ratio. A value of 0.84 pro- 
duces a minimum in the squah of the excess tritium value for 
data taken over 71 days. Thus, by using this value, the cal- 
culated excess tritium value fluctuates around zero with a 
minimum standard deviation. The distribution ratio can also 
be obtained by comparing the tritium content in the cell to 
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that found in the rtcombinate. The avwage g^/B^d 
IS on 15 data sets is 0.91 ± 0.16. Thus, the distribution 
Sto can be calculated using two independrat methods that 
&e similar results. A distribution value of 0.84 was used to 
calculate the behavior of cdl 73. 

Cdl 73 was the most active of the seven active alls. Tn- 
dum production started after 2 days and continued off and 
on for -22 days with evidence of bursts, as can be seen in 
Fig 9. The tritium content of the recombinate was less than 
the "electrolyte and gave a somewhat tower dilution ratio 
(0.82 ± 0. 12) than that obtained from cdl 70. This difference 
is within the uncertainty in the measurement. Thus, the ex* 
cess tritium calculated for this ceO is not caused by an un- 
usually < ff"flfl distribution ratio compared to the inactive cdl. 

The decrease in tritium content after the second burst is 
fjgni ficatit because workers at Texas A&M Unicrsity 13 have 
seen the same phenomenon. We bdieve that part of the tn* 
tium was produced on the electrode as deuterium-tritium 
(D-T) gas and part exchanged with deuterium in D-O. The 
D-T gas was produced at such a low rate that most of it was 
able to dissolve in the dectrolyte from the gas bubbles, 
thereby replacing Di in the saturated solution. When tritium 
production stopped, the dissolved D-T gas was gradually 
flushed out of solution (replaced) by the steady electrolytic 
production of Djgas. This reduction is seen dearly after the 
22nd day where the tritium excess shows an exponential drop 
that approaches a constant value of 1.4. Thus, approximately 
one-third of the tritium contained in the cdl on the 22nd day 
apparently had been present as dissolved D-T and about two- 
thirds had exchanged with deuterium in D2O and remained 
fixed in the liquid. The other active cells had a different 
proportion between these two chemical forms. 

It is interesting and perhaps significant that these cells all 
started and stopped producing tritium afc'approximatdy the 
same time. The deposition of surface impurity might have 
been similar and may account for the similar behavior. This 
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possibility wiQ be explored in the future. No dear pattern 
could be found in the cell designs that gives an explanation 
jK£i a significant probability for reproducing the behavior. 
tf^Howcver, cathodes txeated with paraffin appear to have a 
ff higher probability of success than those not treated this way. 

Thg possibility thai tritium could result from gnnfflminfl- 

tion of the materials used in the ceOs is not supported because 
materials from the same chemical lots were used in ceQs that 
did not show the presence of tritium. Twenty other ceOs, run- 
ning at the time tritium was being produced in the seven ac- 
tive cells, showed no excess tritium. In addition, these cells 



cnauaoi 

80 times the starting concentration. Over 1500 tritium mea- 
surements were made on 53 cells of various designs. As can 
be seen in Table VIII, the total uncertainty in tritium content 
for these measurements is ±14 dis/min-ml, which is 0.1 times 
the sorting c onc e n tration. Thus, the proposed tritium excess 
is well outside the uncertainty in the total measurement* 
Fourteen inactive ceDs are described in this work and are 



used as reference standards. In addition, a cell containing 
completely scaled so that no external tritium could cntcr^snonnal water (0.2 N LiOH) has been studied recently and 
lie possibility that the recorded counts were caused by shows no tritium increase after 30 days. The effects of che- 
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dtemihmunescence due to active chemical species is not re- 
alistic. First, the light spectrum emitted by the scintillator 
fluid is characteristic of tritium, which, because it has an un- 
usually low energy, cannot be confused with other radioac- 
tive materiab or with diemiluminescence. Second, the count 
rate becomes independent of time -20min after the scintil- 
lator fluid and the electrolyte are mixed, indicating that chem- 
ical effects are short-lived in the scintillator fluid used in this 
work.* Counts were recorded only after this effect had died 
away. Third, the eventual reduction in activity within the cell 
over a period of time after the second burst (Fig. 9) is only 
consistent with the source of activity being removed from the 
cell, not added as would be expected if active chemical spe- 
cies were being produced. 

Although the amount of tritium made in this study is 
small, it is well outside of the uncertainty in the measurement 
based ?n a large and consistent data base. The standard devi- 
ations for the various data sets aiy compared in Table VIII. 
Evidence of tritium production is based on samples having 
excess tritium between 5 and 785 times the standard devia- 
tion based on a total of all random errors. In addition, the 
pattern of tritium behavior with respect to distribution and 
exchange is consistent with its known characteristics. Occa- 
sional, isolated high values occurred. They were ignored as 
being possible sampling errors. 

It is evident that tritium production in these cells is still 
very inefficient and probably isolated to a few special loca- 
tions on the cathode. We cannot yet say what special condi- 
tions are required for its production. 



■Opti-Fluor was obtained from Packard Instrument Company, 
2200 WarreaviOe Road, Downers Grove, Illinois 60515. This fluid 
shows no chemiluminescence after 20 xnin when mixed 10 to 1 
with 0.2 NUOD. 
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miluzninescence, counting effiden£yTand sampling oror have 
been studied but are not described in this technical note. 
Based on this background, we bdieve that the tritium is real; 
it is not caused by contamination, and it is not a product of 
normal electrolysis. 

The distribution ratio (gas/Squid) for tritium in the elec- 
trolyte is not a constant but appears to be influenced by the 
cell current density and, perhaps, by the cathode surface char- 
s. This work produced values between 0:82 and 1.1. 
Tritium production is found to occur after times as short 
Jas 2 days after electrolysis is started and with cathodes hav- 
; an averag e D/Pd ratio as low as 0.70 . Only -1 cell in 10 
; found to be active. : ** 
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A review of the recent investigations of the Fleisch- 
mann-Pons effect Ccold fusion-) is given. A discussion 
of the proposed theories and models to account for the 
observations is also given. Suggestions for future re- 
search in this area are discussed. 



INTRODUCTION 

On March 23, 1989, Fleischmann and Pons 1 and 
ones et al. 2 reported the observation of anomalous 
products during constant-current electrolysis of D 2 0 
on palladium. Specifically, they reported production of 
excess heat, tritium, neutrons, and gamma rays. 

Since that time, research has been performed 
throughout the world in an attempt to reproduce and 
confirm these claims. There has been widespread dis- 
appointment in that the phenomena cannot be switched 
on and confirmed in a simple way. Even those with 
electrochemical experience and plentiful resources 
(such as those at national laboratories) have reported 
negatively on the grounds that phenomena were visi- 
ble only in sporadic bursts and "nothing consistent", 
could be measured. This sporadic nature of the effects, 
with periods of weeks in which observers do not rec- 
ord the phenomena reported by Fleischmann and 
Pons, remains a marked difficulty. 3 



TYPICAL CELLS 

Most research into nuclear electrochemical phe- 
nomena uses cells in which the. electrode pretreatnient 
and solution types are varied. The cell described in 



Re f. l t typical of the generally accepted cell design • 
(Fig. 1), was a double-walled glass cell containing the 
electrochemical apparatus and monitoring equipment, 
e.g., temperature probes- The electrolytic solution was 
0. 1 M LiOD in D 2 0. The electrodes were a cathode of 
palladium (1- to 6-mm diam) with an anode of plati- 
num wire wrapped around it, separated_by glass rods. 
In some designs, a catalyst for the recombination of 
the evolved gases (D 2 and O^ was included either.in- 
side of outside the cell. Constant-current electrolysis 
was performed for periojd§ of time varying from tens 
of hours to six months, with the current density rang- 
ing between 10 and 1000 mA/cm 2 . The cell was .cali- 
brated by a joule heater supplying nonelectrochexnical 
heat to the cell, the temperature difference AT between • 
the inside of the cell and a water bath being measured 
(Fig. 2). The current was then turned on andf the AT 
(and the corresponding power-out W out ) was com- 
pared with that expected for the heat on the grounds 
of thermochemical reasoning. If the cell was. com- 
pletely closed (recombination catalyst inside the cell), 
the power-in W in can be calculated from EI, where E 
is the potential in volts and / is the total current in am- 
peres. If the cell allowed the evolved gases to escape, 
or recombined them outside the cell, the power-in fac- 
tor must be modified by subtracting the heat of recom- 
bination of D 2 and 0 2 (the thermoneutral potential), 
equivalent to 1.54 V/mol~ l , from the potential factor. 

The most common method of describing the results 
is in terms of "excess heat," which is given by b 



(1) 



a ConverseIy, there are already claims as to techniques that 
lead to an .immediate switch-on. 



b In the first year of examining the Fleischmann-Pons effect, 
there were many papers 4 that stressed alleged errors in 
caiorimetry. However, for small ceils, it is easy to measure 
(by means of thermistors) the temperature to ±0.01 °C, and 
the changes in temperature above those expected are gen- 
erally - 1 °C. Particularly if stirring in the cell is good, it 
would seem difficult to have significant calorimetric errors. 
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Fig. 1 . Schematic of a typ 



ical Fleischmann-Pons-type calorimetric ceU (not to scale). 
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Fig 2. Typical calibration curve for the cell shown in Fig. 1 
' (Ref. 3). 



This also requires continuous monitoring of poten- 
tial, current, and AT". 

MEASUREMENT OF NUCLEAR PRODUCTS 

The production of radiation from such cells can be 
divided into observations of (a) tritium, (b) neutrons, 
and (c) other types of radiation (including gamma and 
X rays). The paths leading to the formation of the first 
two types of radiation are shown below: 

(2) 



and 



12 



2 H + 2 H _ 3 H + i H + 4.02 MeV 



2 H + 2 H _ : He + i„ + 3.27 MeV . 



(3) 



The production of tritium from reaction (2>k eas- 
ily characterized by. the technique of liquid scmfiUatton 
counting, in which a scintillating mixture is added to 
a sample and the resulting excitation analyzed^Several 
problems, however, exist with this technique. The cne-.. 
miluminescence of the scintillation cocktail can be mis- • 
taken for high tritium activity. Thus, it is un B erative 
that the analyzing instrument.be capable of regretenng 
the luminescence effect. If any chernUuminescence is 
detected, the result should be thrown out until the level 
of chemiluminescence is zero (as will normally occur 

in a few hours). •- . " „. e 

A further complication is the buildup of tnttum 
on normal electrochemical grounds. During electrolysis 
of a solution containing a mixture of ^isottva or 
hydrogen, a preferential evolution of thebghtesj iso- 
tope occurs -the so-called isotonic separation phenom- 
enon. 5 Thus, a natural increase in tritium actmty is 
expected. In an alkaline solution, the value of the sep- 
aration factor is >2 on palladium (see T «W*^ 
D 2 0 contains a trace amount of tritium, a £ 
crease to a value of approximately twice that of the 
original solution occurs (see Appendix). For example, 
the tritium activity is originally 100 distmtegrations 
per minute per millilitre (dpm/ml>,~ after prolonged, 
electrolysis including frequent additions of tnuum-con- 
taining D 2 0, the final value wodd be expected to be 
of the order of 200 dpm/ml (on classical grounds). 

If, however, the above sources of error are tak' 
into account, tritium measurement remains the e? 
nuclear particle phenomenon to quantify. / 
Neutron detection is much more comple* 
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TABLE I . 
Values of S H . r and S^x on Various Metals 6 



Metal 



Palladium 
Palladium 
Palladium 

Platinum 
Platinum 
Platinum 

Titanium 
Titanium 
Titanium 

Iron (pH = 6.5) 
Iron (pH-7.5) 



Metal 



Palladium 
Palladium 

Platinum 
Platinum 
Platinum 
Platinum 

Titanium 
Titanium 
Titanium 
Titanium 



(mA/cm 2 ) 



30 
100 
300 

16 

32 
100 

25 
75 
250 

20 
20 



(mA/cm 2 ) 



100 
300 

20 
32 
64 
80 

60 
90 
90 
260 



H-T 



6.6 
6.6 
6.9 

7.6 
7.2 
8.8 

6.2 
6.1 
7.0 

9.1 
9.6 



2.6 
1.9 

2.2 
2.6 
2.5 
3.0 

2.2 
2.5 
2.6 
2.6 



more expensive. It requires a great deal of equipment 
and experimental experience. Cosmic-ray showers that 
lead" to false neutron counts require elaborate methods 
to be detected and rejected. One of the most efficient 
neutron detectors is the NE-213 liquid scintillator de- 
tector. With suitable electronics, this detector has an 
overall efficiency of — 57o. 

The production of other radiative particles (e.g., 
X rays, gamma rays, etc.) is secondary to the produc- 
tion of neutrons or tritium. Thus, their detection and 
quantification are not described here. Note, however, 
that the existence of such particles could provide valu- 
able information regarding the mechanism of any nu- 
clear reaction occurring under such experimental 
conditions. 



ELECTROCHEMICAL EXCESS HEAT PRODUCTION 

The production of excess heat can be categorized 
into two sets of observations: the so-called "low-level" 
heat, corresponding to an excess heat [as defined in 
Eq. (1)] <100%, and excess heat >100%. Most reports 
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TIME (h) 

Fig. 3. Appleby and Srmivasan's Pd-D 2 6 experimental re- 
suits. 8 



fall into the first category. The excess heat is rarely a 
constant phenomenon; rather, it occurs in bursts of ac- 
tivity, sometimes, but not always, associated with a 
change of system parameters (a change in current den- 
sity, for example). Such heat bursts occur over a broad 
time span between minutes to days. In only a few cases 
has it been possible to correlate production of ex ^ss 
heat with production of radiation. 7 r 

The first reports by Flei§chmann and Pons 1 gave 
a power output of 26 W/cm 3 , corresponding to an 
excess heat of -111%. Their recent claims are of a 
higher output of ^600%. 

Srinivasan and Appleby 8 at Texas A&M Univer- - 
sity used an ultrasensitive microcalorimeter in which 
only very small (0.01-cm*) electrodes can be analyzed. 
Using this instrument, c they claim the highest repro- 
ducibility rate at —90% (Fig. 3). The levels of excess . 
heat, however, are only of the order of 10%. Blank 
cells with H 2 0 produce negligibly low effects. Re- 
placement of the lithium electrolyte (either *LiOD or 
TiOD) by the sodium, equivalent (NaOD) reduces ex- 
cess heat production by -85% if the replacement is 
performed when the experiment has been running for 
some time (Fig. 4). The effect of starting with a soldium 
electrolyte is ;not yet known. 

Kainthla et al. 9 at Texas A&M have observed ex- 
cess heat in 4 out of 28 cases (Fig. 5). They used a va- 
riety of cells. In some, gases were recombined outside 
the cell; in others, the cells were closed with a recom- 
bination catalyst inside the cell. In general, excess heat 
of M0 to 30% was observed, occurring in bursts. In 
one cell, an excess heat burst was seen with an asso- 
ciated burst of tritium production. Claims of errors 
in the calorimetry are dealt with by the evidence that 
when a cell ceases to show excess heat, the heat out- 
put falls back exactly on the calibration line. Gas 



This calorimeter has stainless steel wails. 
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Fig. 4. The replacement of LiOD by NaOD in the Sriniva- 
san and Appleby experiment, 8 showing almost 
; complete reduction of excess heat. 
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Fig. 7. Excess heat reported by Oriani et .al. 11 



recombination as another possible error is discounted 
by the evidence that the faradaic efficiency is lOOTo 
(±2 4 7o). The absolute power generated in one of these 
cells corresponds to 9 W/cm 3 . ^ 

McKubre 10 at SRI (formerly Stanford Research 
Institute) (Fig. 6) used a high-pressure D 2 electrochem- 
ical cell that reduces anode polarization. This cell was 
placed in a flow calorimeter that, by means of an elec- 
trical heater and electrochemical power, was main- 
tained at a constant total power. Any process that gave 
heat in excess of this power was detected as an increase 
in the calorimeter outlet temperature. Results have 
shown 20 to 50<R> excess for periods of up to several 
days. In addition, there is tentative evidence of the pro- 
duction of ionizing radiation from within the palla- 
dium cathode. 

In addition to calorimetric measurements, re- 
searchers at SRI also studied the resistance of the pal- 
ladium electrode and its interfacial electrochemical 
impedance. These measurements provide fundamental 



14 



information on the deuterium/palladium (D/Pd) ratio 
and the nature of the electrochemical kinetic processes 
occurring at the surface. . 

Oriani et al. 11 at the University of Minnesota ob- 
served 100 W/cm 3 in two cells in.a heat flow calorim- 
eter. The evolved gases were separated using a glass 
cylinder between the electrodes, perforated by many 
small holes to permit ionic conductivity in the cell. 
These cells were run in a potentiostatic rather than gal- 
vanostatic mode. As have many other workers, Onam 
et al. observed frequent runs where no excess heat was 
produced, and the heat output fell exactly on the cal- 
ibration line. This was also true for several experiments 
with H 2 0. When the cells showed excess heat, they 
did so in a definite manner, and after a certain wait- 
ing period (16 and 22 h of constant input power in this 
case) (Fig. 7). # . . 

Huggins 12 at Stanford University originally ob- 
served 7 W/cm 3 of excess heat for 12 days m three 
out of five cells. This corresponds to 30 to 35% excess. 
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Recently, he observed 23 to 24 MJ/mol palladium 
from a closed cell. 

Wadsworth et al. 13 at the University of Utah re- ■ 
ported -60 W/cm 3 excess in five cells on several oc- 
casions. Again, this excess occurred in bursts rather 
than as a constant phenomenon (Fig- 8). 

Champion 14 in Tennessee originally claimed up to 
600% excess heat using a radio-frequency (rf) hetero- 
dyne beat method. However, the actual amount of rf 
absorbed into the system was difficult to measure. An 
on-site visit by researchers at Texas A&M failed to con- 
firm these high levels, but did witness -60% excess. 

Adzie et al.' 5 at Case Western Reserve used a cell 
of the type found in Ref. 1, in a battery-run calorim- 
eter. In two closed cells with palladium in LiOD, a 
small excess heat was observed over an extended time. 
With palladium in liOH or platinum in LiOD, no sim- 
ilar excess was observed. In an open cell, with 4 mm 
of Johnson-Matthey palladium, a 20 to 45% excess 
was observed over an extended time. Lithium was 
found to penetrate 200 nm into the palladium bulk. . 

Schoessow and Wethington 16 claim up to 400% 
excess in one cell, and 60% in the other (only two cells 
have fceen fabricated). 

Santhanam et al. 17 at the Tata Institute reported 
0.2 I fJ/cm 3 after a 48-h period from a titanium cath- 
ode ising a current "density varying from 33 to 66 
mA/cm 2 . Corresponding data for a palladium cath- 
ode showed no excess heat. Characteristic cracking of 
the electrode was observed using acoustic emission 
monitoring equipment. 

Hutchinson et al. 18 at Oak Ridge National Labo- 
ratory have reported four out of four cells produced 
3 W/cm 3 , equivalent to an 18Vo excess. Their original 
claims were for the same levels for one cell out of two 
after 100 days of charging. 



ELECTROCHEMICAL TRITIUM PRODUCTION 

in general, the reports of radiation production in 
Ref. 1 were later discovered to be less certain than at 
first claimed. However, Schoessow and Wethington 16 
and Packham et al-. 19 reported the observation of high 
levels of tritium production in their cells. The normal 
buildup of tritium from the frequent additions of 
heavy water (which includes traces of tritium as a con- 
taminant) could not account for the levels of tritium 
measured in the cells. Packham et al. 19 reported tri- 
tium production of 10 2 to 10 4 times the background 
levels in 14 cells out of 28 (Table II and Fig. 9). More- 
over, one particular batch of 1-mm palladium pro- 
duced tritium in all eight cells. The actual rate of 
tritium production fell between 10 10 to 10 12 atom/ 
s-cm 2 . A thorough search for contamination gave 
negative results (Tables III and IV). This search in- 
cluded tests of each component of the electrochemical 
cell, including an .analysis of the virgin anode and cath- 
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Fig. 9. Tritium production from cell A7 from Packham 
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ode material by Los Alamos National Laboratory 20 
(LANL) Confirmation of the actual levels of tritium 
in solution was obtained from three national labora- 
tories and one private institute (Table V). All analyses 
were performed in a blind fashion. 

In one cell, the production of tritium has been cor- 
related with the production of excess heat 7 (Fig. 10). 
However, the tritium produced could only account for 
0. 1 % of this excess heat, which was at a level of up to 
25%. 

Wolf et al. 21 observed tritium production in one 
cell at the level of 10 5 dpm/ml (Fig. 11). The tritium 
in this case was produced in one 12-h burst. After the 
burst, the tritium was slowly and gradually sparged 
out, leading to the conclusion that at least part of it 
was in the form of deuterium-tritium (D-T); Several 
other cells seemed to show low-level tritium produc- 
tion, above that accountable by separation factor dif- 
ferences alone. 

Schoessow and Wethington 16 reported that two 
cells had produced tritium at levels of 10 5 dpm/ml. 
They used cathodes in the form of palladium buttons 
with platinum anodes. 
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TABLE II 

Cell Identification, Electrode Treatment, Solution Type and Tritium Activity 



of Electrolyte Samples 6 



Cell 



Electrode Pretreatment 



Solution 



Corrected 3 H Activity 
(dpm/ml) 



Al 

A2 



A3 
A4 
A5 
A6 
A7 



A8 



B3(3mm) 
B5 (3 mm) 
Cell 1 (6 mm) 
CeTl,4 
Ml 



No treatment 
No treatment 



0.1 A/LiOD 

0.1 M LiOD + 0.1 mM NaCN. 



After 16 days at 50 mA/cm 2 then for 8 h at 500 mA/cm r 

(May 1, 1989) 
50 mA/cm 2 for 4 days (May 5, 1989) 
50 mA/cm 2 for 3 h, 1 10 mA/cm 2 for 2 h, 200 mA/cm 2 

for 20 min (May 6, 1989) 
50 mA/cm 2 (May 7, 1989) 
(May 7-13, 1989) 
(May 13- June 6, 1989) 



Anneal 

Anneal 

Acid etch 

Acid etch 

Electrochemical 
Before high current density 
After 2 hat 500 mA/cm 2 
After 6 h at 500 mA/cm 2 
After 12 h at 500 mA/cm 2 

Electrochemical J 

After 16 days charging and 8 h high current density 

(May 1 , 1989) 
Electrolyte levels after 6 weeks at 50 mA/cm 2 
Recombined gas levels after 2 weeks of external 

recombination at 50 mA/cm 2 



0.1 A/ LiOD 

QAM LiOD + 0. 1 mM NaCN 
0.1 M LiOD 

0.1 M LiOD + 0.1 mAf NaCN 
0.1 M LiOD 



0.1 M LiOD + 0.1 mAf NaCN 



Anneal 
Acid etch 
No treatment 

No treatment 



0. 1 M LiOD 
0.1 M LiOD 
0.1 M LiOD 
(See Fig. 10) 

0.1 M LiOD 



3.8 X10 4 



168 
134 

1-1 X 10 4 

1.4 x 10 4 

1.1 x 10 4 

7.5 x 10 3 

4.9xlO tf 

1.2 X 10 5 
3.7 x 10 6 . 

3.3 x 10 4 

102- 
5223 
5. ax 10* 
'7.6-xlO 3 



192 
5.0 x 10 s 

5.0 x 10 7 
6.3 x 10 4 
48 
117 

3000 



Storms and Talcott 22 at LANL fabricated a very 
large number of cells (>100). They used various poi- 
sons of hydrogen evolution in an attempt to drive deu- 
terium into the palladium. To date, 2 cells out of 91 
have given high levels of tritium, in addition to 9 cells 
that have shown levels above the separation factor con- 
centration (Fig. 12). The two cells with high counts had 
at 9000 and 12000 dpm/ml, respectively. The poison- 
ing approach was also used by Packham et al., 1 * but 
the addition of 0.1 mA/NaCN seemed to lower tritium 
production, in all cases (see Table II). Poisoning with 
such compounds as CN", thiourea, and other sulfur 
compounds (Storms and Talcott bubbled H 2 S through 
their solution) is an approach that should be further in- 
vestigated. 

16 



Iyengar et al. 23 at the Bhabha Atomic Research 
Centre (BARC) have reported the most impressive set 
of data regarding radiative particles. They report a tri- 
tium level of up to IO 5 dpm/ml in six cells. In one 
case in particular, they used a multicathode array con- 
sisting of palladium-silver alloys, in a circular orienta- 
tion around a central anode. The duration of tritium 
production varies from as short as 4 h to as long as 
49 days. They have investigated the effect of various 
different electrode materials including the alloys. 

Adzic et ai. 15 reported the discovery of low levels 
(up to 40 times background) of tritium in five of their 
electrochemical cells. The ceil with the 40 times in- 
crease also showed 20 to 45% excess heat. Three of the 
fabricated cells had nickel as the anode material. 
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TABLE III 



Blank Experiments During Tritium Analysis" 




TABLE IV 

Mean of Blank Experiments During Tritium Analysis" 



Sample 



-BIOSAFE II Cocktail 
H 2 0 analysis 
■ D 2 0 analysis 

0.1 M LiOD analysis 
0.1 A/ LiOH analysis 
Dissolved nickel in nitric acid 

Tygon tubing in NaOH . 
Rubber stoppers in NaOH 
Recombination catalyst in NaOH 

Dissolved shavings from cutters 
Dissolved shavings from vacuum chamber 
Dissolved shavings from spotwelder 



Count/min-ml -1 

170 ± 13 
161 ±16 
210 ± 16 

220 ± 20 
157 ± 12 
140 + 20 

105 ± 20 
150 ± 20 
140 ± 15 

160 ± 11 
164 ± 17 
155 ± 10 



Background-Corrected Activity 
(dpm/ml) 



0 
100 

125 
0 
0 

0 
0 
0 

0 
0 
0 



Malo et al.* 4 at the Mexican Institute of Petro- 
leum reported levels of 2200 dpm/ml in one cell out of 
three. Background tritium levels were at 85 dpm/ml 
The time course of production resembles other findings 
in that only separation factor levels were found for up 
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to 20 h. After 90 h, however, levels had risen to 2200 
dpm/ml (Fig. 13). 

Guruswamy 25 at the University of Utah recently 
reported finding - 100 times background levels in one 
cell and low-level production in other cells. 
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: TABLE V 

Confirmatory Results from Outside Sources on Various Samples 19 





Sample 1 


Sample 2 


HTO 
Standard 


O.lA/LiOD 


DjO 


Texas A&M 
Battelle 
Argonne 
LANL 

General Motors 


2.13 x 10 6 
1.96 x 10 s 

1.96 X 10 6 

1.97 x 10* 
1.80 x 10* 


1157 
1170 
1020 
800 to 1300 
1000 


7.23 x 10 5 
8.08 x io 5 : 
7.59 x 10 5 
. 6.50 x 10 5 


. 93 
127 
90 
113 

Not analyzed 


f 47 
• 140 
114 
161 


25 | . " . , -. — 






16 1— : 







D 2 0 (50 ml) 
+ UOD (2.5 mi) ADDED 




, i I i i i i I i i 
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a 
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3 
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5 10 15 20 25 30 35 40 45 
TIME (days) 
(b) 

Fig. 10. The concurrent production of (a) excess heat and 
(b) tritium bursts from ceil 4 from Kainthia et al. 7 
The cell was at charging current from July 27, 
1989. Time zero here is September 11, 1989. 



Scott et al. 26 at Oak Ridge National Laboratory 
reported tritium activity of 25 times the background 
level in one ceil with current densities varying between 
200 and 600 mA/cm 2 . This tritium occurred in a burst 
lasting 2 to 3 h. The typical sparging of tritium from 
the cell was also observed (Fig. 14). 

18 




1 4 7 10 13 16 19 22 25 28 31 34 37 
TIME (days) 

40 45 Fig. 1 1 . Tritium production from c$l A2 from Wolf et al. 21 



ELECTROCHEMICAL NEUTRON PRODUCTION 

The great difficulty with neutron counting is lower- 
ing the background level suf fidently that a small effect 
can be seen if present. Also, the type of detector used 
can affect the validity of the results. A method to re- 
ject signals from cosmic-ray events must also be in- 
cluded in the experimental apparatus. - 

Jones et al. 2 at Brigham Young University used a 
BC505 neutron detector with a background -rate of 
-10" 3 n/s and an overall efficiency of 1%. The elec- 
trolyte used in this case was a complex mixture of 
inorganic salts in D 2 O f at a pH of -3. Neutron pro- 
duction was observed at rates up to five standard devi- 
ations above background in 1 1 out of 14 cases (Fig. 15). 
Jones et al. suggest that if the reaction occurs at the 
surface or if the conditions favoring fusion occur only 
intermittently (i.e., the time period for production is 
considerably less than the measuring time of the detec- 
tion system), then the inferred fusion rate must be ~5 
orders of magnitude larger than the detected -10" 23 
fusion/Crf-rfj-s" 1 . 

Wolf et al. 27 observed the production of neutrons 
at 2.45 Me V in several bursts, at levels between three 
and five times the background levels. Out of 200 exper- 
iments performed, only 3 showed statistically signifi- 
cant neutron emission using the same piece of .palladium 
wire using an NE-213 detector system (Fig. 16). In- 
terestingly, it seems as if the nature of the surface was 
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400 




20 25 30 
TIME (days) 

Fig. 12. Tritium production reported by Storms arid Talcbtt. 22 




Fig. 13. Tritium production reported by Malo et al 



BACKGROUND 



2 4 6 8 10 12 14 16 
RUN NUMBER 

Fig. 15. Neutron production reported by Jones et al, 2 




20 30 
TIME (days) 

Fig. 14. Tritium production reported by Scott et al. 26 



directly related to neutron production: When a burst 
had died down to the background level, the electrode 
was taken out of solution, physically wiped, and 
replaced into the solution, and the effect reappeared. 

The neutron production rate was - 1 n/s and was 
up to nine standard deviations above the background 



signal. The major achievement here was the lowering 
of the background count rate to <1 n/inin. This al- 
lowed very low production rates to be measured. In ad- 
dition, various tests showed that the signal was indeed 
coming from the cell, and not from a change in the 
background count rate (Fig. 17). Wolf et al.'s neutron 
detection system was calibrated using a Pu-Be source, 
a m Cf source, and a ^Cf time-of-flight (TOF) mea- 
surement. This allowed a confidence in interpretation 
of the energy spectra produced in terms of knowing ex- 
actly where 2.45-MeV neutrons would appear. Both 
active and passive cosmic-ray shielding was in place 
throughout the course of the experiments, and pulse- 
shape discrimination was performed on the signal. A 
check was made to sec if the detected events coincided 
with known cosmic-ray activity. This check proved to 
be negative. 

The BARC results on neutrons 23 were obtained 
using counters of much lower efficiency' than those 
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CLEANED ELECTRODE 



BACKGROUND 



0 100 200 300 400 500 600 
TIME (min) 

Fig, 16. Neutron production from cell A5 (first occurrence) 
reported by Wolf et al. 27 




0 50 100 150 200 250 300 350 400 450 
TIME (min) 

Fig. 17. Neutron production from cell AS (second occurs 
rence) reported by Wolf et al. 27 The cell was in- 
serted in front of the counter at point A and rotated 
5 cm away from the counter for the measurement 
at point B. 



at Texas A&M, and with a background count rate of 
between-2 and 20 n/s (-1000 times higher than Wolf 
et ai.'s experiments). In one of their experiments, a 
burst of neutron emission occurred for 40 h during an 
overall electrolysis time of 32 days. The rate of produc- 
tion was maximum at 1.3 x 10 3 n/s. At least four ex- 
periments gave neutron count rates 30 to 1000 times 
the high background rate (Fig. 18). 

The Texas A&M and BARC groups could, there- 
fore, estimate a branching ratio for production. It is 
significant that both groups measured a branching ra- 
tio of between 10" 8 to 10~ 10 , although one of the 
BARC experiments did give a branching ratio of 10~ 2 . 

OTHER RADIATION FROM ELECTROCHEMICAL 
EXPERIMENTS 

Rolison and O'Grady at the Naval Research 
Laboratory 28 investigated the change in m/z ratios for 
species in the palladium electrode after electrolysis by 
time-of-flight secondary ion mass spectrometry (TOF- 
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Fig. 18. Neutron production reported by Iyengar et al. 23 
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Fig. 19. The m/z ratio changes reported by Rolison and 

Q'Grady. 2 * 



SIMS). They found an interesting near-surface enrich- 
ment of the m/z .106 species and a near-surface dimu- 
nition of the m/z 105 and 108 species. . f \ ' .', 

In addition, the low-level impurities ruthenium, sil- 
ver, and copper were found at significantly higher 
levels in the near-surface after long-term electrolysis 
than in the virgin material using X-ray photoelectron 
spectroscopy. 

A blank experiment using palladium electrolyzed 
in H 2 0 showed no such enrichment. Mass spec- 
troscopic analyses of the gases evolved when the elec- 
trical supply was stopped, and showed constituents of 
m/z 9 3, 4, 5, and 6 (Fig. 19). The assignments of these 
values were that they were due to dimers and trimers 
of the deuterium and hydrogen species, and not due to 
any tritium-containing species. Therefore, m/z 3 was 
Hf and DH + , m/z 4 was D£ and H 2 D + , m/z 5 was 
D 2 H + , and m/z 6 was D3 . That is, there was no indi- 
cation of 3 He + , T + , 4 He + , TH+, DT + , TH£ , T£, 
HDT + , or Li*. 

Some of the normal reactions of palladium with 
14-MeV neutrons are as follows: 



104 Pd (*,/?) 104 Rh (a = 0.13 b; t xn « 44 s) , 
l05 Pd(n f p) 105 Rh (a = 0.70 b; t xn = 36 h) . 
110 Pd(/?,a) 107 Rh (a = 0.014 b; ^ = 4 min) , 
I10 Pd(/i,2*) I09 Pd (a = 2:0 b; t x/2 = 13.6 h) , 



(4) 
(5) 
(6) 
(7) 
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and 

lo8 Pd(/i,a) I05 Ru (a = 0.0022 b; t l/2 = 4.5 h) . {S) 

In addition, if the fast 14-MeV neutrons were ther- 
malized by the interaction with the aqueous electrolyte, 
the following reactions could be seen: 

lfl2 Pd</i, 7 ) I03 Pd (<r = 4.8 b; t xn = 17 days) , (9) 
108 Pd(7i,y) ,09 Pd <<r = 7.7 b; t xn = 13.6 h) , (10) 
and 

lld Pd(/i f .y) ni Pd (a = 0.4 b; t xn = 22 min) . . (11) 

Although the mass-to-charge data are intriguing, 
the authors state that it is difficult to explain by any 
. known physical process. However, the spatial orienta- 
tion of the enrichment suggests a surface mechanism 
for whatever process is occurring during their electrol- 
ysis. It is even more intriguing to note that it is the 
middleweight species that is enriched at the surface 
while the heavier and lighter isotopes migrate inward. 

The accuracy of the SIMS work presented ih.Ref. 
28 has been questioned, and it is currently being 
repeated. 

An experiment by Taniguchi et al. 29 at the Osaka 
Prefectual Radiation. Research Institute reported the 
detection of-charged particles (3-MeV protons). The 
experiment was designed so'that such particles could 
be measured, since they have a very short mean-free- 
path. One face of a palladium foil was used, the other 
side of the electrode being coupled to the radiation de- 
tector. There were a total of 30 electrolytic runs. In six 
of these, significantly higher count rates were observed. 
Again, the phenomena occurred in bursts. For 6 days, 
background levels were recorded. 7 On the seventh day, 
the count rate began to increase and maximized at five 
times above background (Fig. 20). The time delays in 
similar runs were 1 day and several hours. 

The energy spectra from these experiments show a 
high count rate of particles with a significantly lower 
energy than the expected 3.03 MeV [the Q value for the 
protons emitted in reaction (2)] (Fig. 21). This was ex- 



plained by loss of proton energy due to the angle be- 
tween the path of the particles and the detector. 
However, it would have been a simple matter to have 
calibrated the energy spectrum using a 3.03-MeV pro- 
ton source to see the energy distribution in the detec- 
tor. Taniguchi et al. have not ruled out other reactions 
contributing to the phenomena. 

GAS-PHASE EXPERIMENTS 

In addition to electrochemically loaded palladium 
and titanium samples, it is possible to load deuterium 
into such metals by the use of gas pressure. Such 
loaded materials have also been investigated for radi- 
ation production. 

Such an experiment was performed by Wada and 
Nishizawa, 30 who passed an ac (60-Hz) 12-kV supply 
between two palladium electrodes in copper electrode 
stems in in atmosphere of D 2 gas, in a 1-Pa vacuum* 

Neutrons were counted using a BF 3 detector, 
which had been calibrated with 241 Am-Be and ^Cf 
sources. T vo bursts of neutrons were seen after stim- 
ulation with the high-voltage source (Fig. 22a). Both 
bursts corresponded to 14 o/s (up to 2 x 10 4 times 
higher than background levels). Interestingly, the pres- 
sure of Dj in the reaction \ tssel dropped during abv 
sorption of D 2 during the chs rging phase and increased 
after the first stimulating voltage (corresponding to D% 
being evolved from the palladium), but remained con-* 
stant after the second stimulating voltage (Fig. 22b). 
This leads to the conclusion that the deuterium left in 
the palladium after the first stimulation is held more 
strongly than the situation before the first stimulation. 
After the experiment; the residual gases in the cham- 
ber were analyzed by mass spectrometry. Substantial 
amounts of species with mass numbers 1 through 6 
were observed. 

The results are explained by Wada and Nishizawa 
as being due to a supersaturated state of deuterium 
within the palladium. When the rod discards the excess 
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Fig. 20. The production of 3-MeV protons reported by 
Taniguchi et ah 29 
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Fig. 21. The energy distribution of 3-MeV protons from 
Taniguchi et al. 29 
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Fib 22. (a) The gas-phase productio a of neutrons reported 
by Wada and Nishizawa* and (b) the pressure 
profile of deuterium in the apparatus as a function 
of time. . 
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deuterium (after the first stimulation), neutrons are 
emitted. However, no explanation of the mechanism 
for such neutron production is given. . 

The experiments run by Menlove et aL s at LANL 
were performed using both titanium and palladium 
rods and the reports contain information on both gas 
and electrochemically loaded electrodes. Neutrons were 
detected using 3 He detectors. Two different types of 
neutron phenomena were observed in the gas-phase ex- 
periments: one very short (<100-ms) duration, giving 
10 to 100 neutrons (Fig. 23), and random neutron 
counting. The count rates from this experiment were 
on the order of 0.1 n/s, similar to the Jones et al. re- 
sults. Energy analysis of the neutrons was not possible 

since the yields were too low. ^ 
In the electrolytic experiments, two results showed 

-3<r above background, but no definitive statement 
was made. A third cell gave neutron bursts that con- 
tinued for several days and was compared to six 
dummy cells (D 2 0 cells without electrodes). The lar- 
gest burst corresponded to a neutron source of 130 
neutrons. 

Researchers at BARC have also investigated the 
phenomena in a solid-gas experiment. 23 They used ti- 
tanium and palladium-silver disks, wafers, and cones, 
and powdered palladium black. Tritium was found us- 
ing scintillation counting and autoradiography as well 

22 
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Fig. 23. The gas-phase production of neutrons reported by 
Menlove et al. 11 , . 



as an X-ray technique. Levels of >10 10 to 10 12 atoms 
of tritium were found. 

CLUSTER IMPACT FUSION 

An ext. ^riment by Beuhler et al. s at Brookhaven 
National Laboratory describes a fusion reaction pro- 
duced by the impact of a cluster of D 2 0 molecules 
upon a TiD target. The protons produced from reac- 
tion (2) were detected. The accelerating energy of the 
cluster was varied. At 300-keV; the fusion rate-was 
measured at -0.05 fusion/s* .plank experiments run 
with an accelerated H 2 0 cluster on TiD, or a D 2 0 
cluster impacting on a target of TiH, showed no such 
behavior. The size of the cluster also seemed to be a < 
criterion for fusion reactions occurring. Below aZO 
D 2 0 molecule cluster, no fusion was observed. The 
peak maximized at -150 molecules and had a broad 
shoulder up to 1000 molecules (Fig. 24).. 



THE EXPLOSION PHENOMENON 

It seems natural to imagine that explosions might 
occur in electrolytic cells that are producing a 2:1 mix- 
ture of D, and C% . However, in many circumstances, 
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Fig. 24. The dependence of cluster size on neutron produc- 
tion durina cluster impact reported by Beuhler 
et al." 
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it does not seem possible that there is any initiating 
stimulus in the cell at the time of the explosion. For ex- 
ample, the electrodes are both normally covered by the ; 
electrolyte, and it seems unlikely that a spark generated 
in the solution between the two electrodes could ignite 
the dissolved gases. In general, the electrode materials 
are untouched by the explosion, and the glass cell 
(either the internal or external cell) is ruptured. In 
several instances, an electrode replacesd in the cell af- 
ter an explosion immediately explodes once again. 6 In 
other cases, cells that have been purposely switched off 
generate sufficient heat so that they are impossible to 
handle even 1 h later. This phenomenon seems to differ 
from the ignition phenomenon described in Ref. 1, but 
cannot be readily explained by a simple D 2 /0 2 ex- 
plosion. 



second possible explanation is nuclear fusion. Differ- 
ent models to explain the cold fusion experiments have 
been suggested since they cannot be simply interpreted 
by existing nuclear physics. 

There are two main characteristics of the cold fu- 
sion experiments. One is the large tritium-to-neutron 
ratio, on the order of 10 8 , and the other is the burst- 
like nature and ^reproducibility of the phenomena* A 
suitable cold fusion theory or model must explain both 
of these two features. The fusion models put forward 
can be divided into two parts; One is a hot fusion 
mechanism, which may be either caused by the devel- 
opment or collapse of cracks within the metal lattice, 
or triggered by cosmic rays. The second is a cold fu- 
siort mechanism that may also be divided into two sec- 
tions: bulk and surface models. 



THEORETICAL CONSIDERATIONS 

Since Fleischmann and Pons 1 and Jones et al. 2 
reported the cold fusion phenomena, which is difficult 
to explain by conventional nuclear physics, several at- 
tempts to interpret the excess heat as well as radiative 
particle emission have been made. Such explanations 
fall into two broad categories: a chemical reaction or 
nuclear fusion. The heat released by a chemical reac- 
tion corresponds to the range of a few electron volts 
per atom in contrast to the energy liberated in a nuclear 
reaction— on the order of millions of electron volts per 
nucleus. In ah earlier paper, 33 eight possible chemical 
contributions to the excess heat seen in Ref. 1 were 
summarized. It was concluded that any chemical expla- 
nation would be improbable (see Table VI). No one 
chemical explanation suffices to explain the magnitude 
of. the excess heat observed, and the large amount of 
tritium produced in the solution and gas phase 6 * 19 can- 
not be-explained by any kind of chemical reaction. The 



TABLE VI 

Summary of Chemical Contributions to the 
Fleischmann-Pons Effect 



Chemical Explanation 


W/cm 


Partial exposure of electrode 


0.20 


Gas-phase recombination 


0.30 


Surface recombination 


• 0.30 


Alpha-beta phase transition 


0.03 


D/Pd ratio: chemical storage 


0.30 


Pd-D 2 dissociation: Pauling 


0.90 


Pd-Li alloy formation 


0.08 


Total 


2.1 1.« 



'Compared to the 26 W/cm 3 reported by Fleischmann and 
Pons. 1 Excess heat in some cases is equivalent to more 
than 100 times the total heat of sublimation. 
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Hot Plasma Explanation 

Several workers have suggested that nuclear fusion 
occurs within some special areas of the palladium or 
titanium me al, where a hot plasma is formed. Mayer 
et al. 34 suggested that equal electric charges of oppo- 
site sign may be generated on each side of a crack as • 
the crack spreads under the strong internal stresses 
caused by electrolysis (Fig. 25), Asthe crack grows, the . 
charged surfaces separate while maintaining the con* 
stant electric charge, thereforei ijicreasing the voltage ^ 
drop across the crack. A deuteron in the crack may be£^ ./|| 
accelerated, under this large electric voltage drop, tof^J ^ 
an energy sufficient to overcome the mutual nuclearb^ ' * -fl 
coulomb barrier. Gajda et al. 35 proposed that high*s^; *3£ 
density and temperature pocket plasmas may be"^"" J| 
formed when defects or cracks in the metal electrode- 
collapse. Hot nuclear fusion may occur in such plasma * : "*§ 
zones (Fig. 26). Seitz 36 suggested that the enthalpy ofv- ■£§ 
the formation of a D : molecule from the deuteron i Jfe 




Fig, 25. The growing crack model proposed, by, Mayer^. 

Ct a1, \- \> ■■■ : ;he 
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METAL 
BULK 



COLLAPSING 
CRACK 



PLASMA 



Fig. 26. The collapsing crack model proposed by Gajda 
etal. 35 



D + + D+ + 2e-D 2 + 




SMALL . 

ENERGY OF FORMATION - HIGH-PRESSURE 

PLASMA BUBBLES 

Fig. 27. The formation of plasma bubbles proposed by 
Seitz. 36 . 



within the solid state, which is -20 eV, will produce 
small, hot, high-pressure plasma bubbles (Fig. 27). Nu- 
clear fusion would occur in these locally very hot 
plasma zones. However, as Seitz points out, the sur- 
rounding cool metal would quickly quench the hot 
plasma. 

Albion-Catalyzed Fusion 

Muon-catalyzed nuclear fusion, triggered by cos- 
mic rays, is another possible origin of cold fusion phe- 
nomena (Fig. 28). If a muon is trapped by a deuteron, 
the interauclear distance of the two deuterium nuclei 
would be reduced by a factor of —200, relative to the 
spacing of normal deuterium nuclei. The muomolecu- 
lar ion then has a very large cross section for nuclear 
fusion, a secondary muon being produced. Thus, one 
muon may catalyze a large number of fusion events, 
e.g M 200, before it is eventually absorbed by a metal 
atom. However, in palladium metal loaded with deu- 
terium, placed in a muon beam, negative results were 
obtained, 37 which may indicate that the absorption of 
muons by the palladium lattice is too- large to catalyze 
nuclear fusion. 

Both hot plasma and muon-catalyzed fusion are 
grouped events. However, Shyam et al. 38 claim that 
such grouped events would appear with a probability 
of <209b, based, on the statistical measurement of neu- 




PALLADIUM 
LATTICE 



0.78/200 A 



Fig. 28. The muon-catalyzed model proposed by Jones ^ 
etal.* . v'-.- :/v ^; 



tron production in cold fusion experiments. In addi- 
tion, neither of these two models can account for the 
observed anomalous branching ratio. /\ £ " 

Cold Fusion ^Condensed Matter , ■ I c > \ 



A different theory is that the deuteron fusion rate . ;# 
is greatly enhanced in the condensed matter environ-* £ ;* 
ment because of the combination of mutual Coulomb - ^ 'H 
potential screening, the effective mass change, and xesfi 5 
onance phenomena (Fig. 29). : "'■ UB '^' i ^*^-°?f^ 

In palladium or titanium metal, the coulomb bar2* 
rier between two deuterons is greatly suppressed by 7 
the mobile electrons in the solid-state environment^ 
Crowley 39 surmised that the absorbed deuterium : 
the pietal was compressed to a high density to form a ; 
dense plasma of liquid metallic deuterium and hence ' 
developed a strongly coupled plasma model to account ' 
for the electron screen. Leggett and Baym 40 * 41 consid- 
ered a many-body screening effect in the solid-state en- 
vironment and discovered an unusual enhancement of 
the nuclear fusion rate. However, the calculated fusion 
rates were still too low to explain the experimental ob- 
servations. Horowitz 42 and Burrows 4 * modeled the 
metallic deuteride as a degenerate fermi gas of elec- 
trons and calculated the screening Coulomb potential. 
The calculated effective Gamov penetration factor was 
increased substantially in the metal environment. They * 
claimed that the (p-d) reaction rate would be larger, 
than or comparable to the (rf-tf) fusion rate in their 
model, and the distance between two deuterons would 
have to reduce to <0.1 A in order to match the exper- 
imental results. However, ab initio calculations based, 
on density function 44 and a pseudopotential total 
energy approach 45 showed that the distance between 
two deuterons in the palladium structure is on the 
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Fig. 29. The effect of electron screening in the palladium lattice. 



! by" 



order of 1 A. Benesh and Vary 46 considered that the 
deuterons in the metal' were confined to the bottom of 
a potential well with electrostatic screening of electrons 
present in the metal and hence calculated the penetra- 
tion factor. The results showed that the calculated fu- 
sion rate was. not sufficient to match the experimental 
value. 



Vaidya and Mayya 47 modeled the deutero^as aT 
mobile species in the palladium under electrolytic coni* 
\ ditions (Fig. 30). A combined screen of Coulomb p^^" 
tential by itinerant deuterons and conduction electrons^ 
was considered. Ghosh et al. 48 proposed that ddocal- % 
ized deuterons in a uniform negative charge distribu-' : 
tion of electrons formed a quantum plasma of bosons, 



PALLADIUM 



PALLADIUM 




— exp(-r//) 




. /cur- . ' l - o\ 
s;js^'::.:-.-r*7 

• : . XT' 



PALLADIUM PALLADIUM 

Fig. 30. The effect of mobile deuterons in the palladium lattice. 
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Fig. 31. Electron effective mass increase. 



ahd such cc iiective phe -omena leads to a drastic en- 
hancement of the nuclear fusion rate. The fusion rates 
calculated by Vaidya ana Ghosh compare well with ex- 
perimental values. However, the assumption that all 
the deuterons in the metal are fully mobile or delocal- 
ized may be questionable. 

The effective mass change of an electron or deu- 
teron in a heavily deuterated metal compresses the 
Coulomb potential barrier and enhances the fusion rate 
(Fig. 31). Jones et al. 2 proposed that high-effective- 
mass quasi-electrons formed in the deuterated metal 
lattice compresses the separation of deuterons and 
therefore enhances the quantum penetration factor. 
Tajima et al. 49 suggested that the deuterium electron 
and the conducting electrons of the metal form a 
screening electron cloud with an effective mass greater 
than the rest mass of the electron, they also calculated 
the decrease of the Coulomb barrier height by a dielec- 
tric medium constructed of core electrons and nuclei 
of metal atoms. Rabinowitz and Worledge 50 hypothe- 
sized that deuterons in the metal lattice move in a peri- 
odic potential well (Fig. 32). These deuterons behave 
as if they have a reduced effective mass. The tunneling 
probability of deuterons is then drastically increased. 
The electron screening of the Coulomb potential bar- 
rier was also considered in their model. 

A deuteron moving in the metal lattice may find a 
local potential minimum and be confined in this quasi- 
stationary structure. Goldanskii and Dalidchik 31 sug- 
gested that, under the right conditions, resonance 
transparency may occur, which would greatly increase 
the effective collision frequency to a factor of 10 9 
greater than that of the normal frequency, and hence 



GAMOW FACTOR 



G = exp 



mn 



sj..~:v 



Ef- 



fusion experiments. 
Modeling the Quantum Barrier 



PERIODIC POTENTIAL 

Ti 2 
2a 2 E 

Fig. 32. Deuteron mass decrease. 



enhance the nuclear fusion rate by the san*e 
(Fig. 33). • V; • ; :.*. M& &.v 

However, the enhancement of the Coulomb ^arrier cp : ^ 
penetration factor in a metal environment, caused by ,> 0 
screening effects of electrons and deiiterons, an effect f.t 
tive mass change of the electron and deuteron, and the % £| 
occurrence of a resonance condition, cannot explain^^^ 
the sporadicity and irreproducibility shown in the cold 

Turner 2 hypothesized that transmission resonance^ re*? 
on the atomic scale enhanced coulomb barrier tunnelrV^v d >\ 
ing. When the resonance condition ^otope? of ^sfeii^fc • 

I k(xydx=An + -- U 

is satisfied by the wave number of the particle cross-^ ^.{/ 
ing the potential well between two barriers, the trans^ \i I ; 
mission coefficient is 1. Based on Turner's suggestion*^^^* 
Bush 33 proposed a transmission resonance condirion: tt - c; r :r * 

(2n+l)M=I, :.^Oo; (i3)nur^I: 

with n = 0, 1,2, ... for the de Broglie wavelength of " 
the particle within the lattice of a metal deuteride 
(Fig. 34). He calculated the resonance temperature for 
deuterons in the palladium deuteride and titanium deu- < < 
teride lattices. Danos 54 considered both regular (ex- .. ; 
ponentially decreased) arid irregular (exponentially * ■ 
increased) solutions to the calculation of Coulomb bar-r ; : r ^ 
rier penetration. To obtain the ground state of then r 
product nucleus, a third particle, the metal nucleus/- »;": r 
was required, A substantial enhancement of the fusion ; 
rate was obtained. . . ;;:uttv . . n.sv 

Neutron Capture by Palladium " . : . 

Jackson 55 suggested a chain reaction mechanism "' " ; " ; 
involving the radiative capture of neutrons by palla-' v V 
dium nuclei- (Fig. 35). A neutron is captured by a pal- — . 
ladium nucleus to produce a different isotope of ' 
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Fig. 33. The quasi-stationary stare model proposed by Goldanska and Dalidchik.^ \?$S|£3 
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/ k dx.( n + i), 




. v- f r ,i lea- 



NONRESONANCE 
Fig. 34. Resonance tunneling as proposed by Bush. 53 * 



n + 104 Pd-+ 10s Pd + 7 
7 + D--p+- n 



Fig. 35. The chain reaction model involving 
propagation. 



gamma-ray 



n + 104 Pd- , os Pd 
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FIg * 36 ' ,o h v % radiatiVe Capture proposed by Bade- 
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palladium and a gamma photon, which «iiS?hoto^ 
disintegration of the deuteron and Ubera^ano^ 
neutron. The chain reaction would be SSmSSZ * ' 
S?-S ^J***" of the chamreactio^aTS * 

■SStoT? 1 ! de 56 ter ° n d6nsity ■ 1 * Bfc *• I>aIladiumC 
lattice. Budeloy* suggested that nuclear fusion ™% 

■■ £! l SSftJ b * <WfaeBt **** isotopes of palladium^ 
ffig. 36). The by-products would be heat and etaaronsW 
Rohson and O'Grady* observed the near-surfaa «^ 

. Pd and "»Pd after electrochemical loading with - 
ddov?Zn n 3 eIectrode - Jackson aldSf 

- °^ ^ low neu ^bn production ^ 

seem that radiative capture of neutrons by the metal 
nuclei may play a part in the cold fusion phenol. 

Quantum Electrodynamic 

hvoi^ d ^ suggested nucl ear fusion "occurs in a 
iS 0 ? eUc f' stron 8 I y aw***, confining phase of the 
quM urn electrodynamic domain (CQED), where « ^ 
de«nc charge is confined, in analogy to cotor £5£ = 

m^J\f ^^ chromodynamics - ^ctrons in the ' 
metastabie CQED regime are always bound to either ■* 

a if,?cf ° n - 0Tmins ele «romeson or an atomic nu- 
cieus forming an electronucleus. Deuterons may dif- 
fuse into the CQED regime, where fusion occurs wtn 
V?*, 1 ^™*' P° ssibl y attaining the order of 10" ^ 

S\ he , reIeased fusion ener §y *ouId then be 
used to expand and stabilize the CQED domain, which 
™™ f /rr W s P ontane °"sly in a deuteriUm-ricfa env? 
ronment (Fig. 37). The main product of such a nuclear 
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Fig. 37. The CQED model.* 



reaction would be 4 He, which would diffuse out of 
the CQED domain, with a kinetic energy of ~5 MeV. 
The initiation of CQED domains may come from the 
large transient electromagnetic fields created, for ex- 
ample, by spontaneous fission of unstable transuranic 
nucleus, which exist in the palladium electrode as im- 
purities. Thismodel can explain ti a low neutron pro- 
duction compared to the excess heat, as-well as the 
sporadicity of the experiment. However, this model 
predicts that the tritium output would be less than the 
neutron production, which is not consistent with exper- 
imental observations. 



Superradianca :fji 

Bressani et aI. 5S have discussed the cold fusion * , 
phenomenon based on a superradiant (Coherent interval? 

action between matter and the electromagnetic field. ^ 
The released fusion energy would be rapidly cooled by 

the quantized electromagnetic wave, which would ex- \T 

plain the larger amount of excess heat compared to nu- - 

clear products. " : " 



Surface Model 



4, 



AH the models described above assume that fusion, . 
ocean within the electrode. However, the experimental'' 
observations seem to suggest that the surface of the 
electrode might be the site of such reactions. Spedfi- : 
cally, it is suggested 6 that fusion reactions occur at 0r, ; 
specific points, or protuberances, on the surface of the n; 
electrode. Rolison and O'Grady's experimental obser-j^ 
vations of palladium isotope ratio shifts 28 suggest that^ ^ 
the reaction is indeed surface, or near-surface, inna?" 
ture. Jiang et al. 59 showed that the fusion reactions^ 
occurred only on minute areas of the electrode surface! : ^ 
Lin et al. 6 - 60 suggested a surface model, where den- i 
drites grow during prolonged electrolysis on the elecS3$) 
. trode surface. The main components of the dendrites 
are impurities, such as nickel and copper* as well as the"*" 
platinum anode material. Such a hypothesis is consis- W> 
tent with the sporadicity obseyvfed in the experiments^ 
It is well known that a very high electric field ex-jj-j 
ists at tlie tip of a growing dendrite during electrolysis.^ 
When a deuterium gas layer grows on the tip of such/;^ 
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Fig. 38. The dendrite enhanced tunneling model proposed by Lin et al." accounting for all the observed phenomena. 
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a dendrite, an electron, emitted from the tip of the 
dendrite under the influence of the extremely high elec- 
tric field, ionizes the deuterium to form a deuteroh ion, 
which is accelerated to. a high energy toward the elec- 
trode. The high-energy deuteron then collides with 
another deuteron adsorbed on the tip of dendrite, the 
resulting collision overcoming the Coulomb potential 
barrier for quantum tunneling (Fig. 38). Calculated fu- 
sion rates compare quantitatively with the experimental 
results. It is also suggested that the neutron-tunneling 
transfer reaction d + d->t + p, similar to the Philips- 
. Oppenheimer stripping phenomenon, 61 may occur 
with a greater probability, compared to the proton tun- 
neling transfer reaction, in the dendrite surface condi- 
tion. This model can effectively explain both the 
sporadicity and irreproducibility of the cold fusion ex- 
periments because of the characteristics of the grow- 
ing dendrite, and also the large tritium-to-neutron 
ratio. 

: To summarize, a large number of models have been 
suggested to explain the experimental observations of 
weFleischmann-Pons phenomena. The main charac- 
teristics of such phenomena are the large branching 
ratios of tritium-to-neutrons, ~10 8 , and the sporadic- 
ity of the fusion experiments. Of the modelr discussed, 
only two, the QCED model suggested by Jaadel 57 and 
the surface model proposed by Lih et al., ;0 can ac- 
count for the sporadicity of the effect. However, as 
mentioned above, the CQED model would predict a 
reverse tritium/neutron ratio, which contradicts the ex- 
perimental results. 

Hence, at present, the only model that can com- 
pletely explain the experimental observations or spora- 
dicity and irreproducibility is that proposed by Lin 
et at. 00 

APPENDIX 

Two experimental arrangements have been used 
here.. One involves a cell from which deuterium and 
oxygen were allowed to escape freely into the atmo- 
sphere. Fresh D 2 0 containing 200 dpm/ml of tritium 
was added at intervals of 12 to 24 h. The buildup of 
tritium in solution, with no fusion, can be obtained as 
follows. 

Changes in the tritium concentration occur due to 
the addition of fresh D 2 0 containing tritium and 
removal by electrolysis. The rate of addition of fresh 
D 2 0 mto the cell R, in order to keep the volume V 
constant, must be equal to the rate of electrolysis of 
D 2 0; i.e.; R = i/2F. Thus, the rate of electrolysis of 
tritium out of the cell must be equal to the amount 
?-/S S • y fresh so,ution and »s given by this rate 
t V Umes the mole fraction of tritium in solution 
or lRn r (Q)/n] t where n r (0)/n is the mole fraction of 
tritium and n is the concentration of all hydrogen deu- 
terium, and tritium species in the solution. The rate of 
removal of tritium through electrolysis is equal to R T . 
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Thus, the factors affecting the concentration of iritfunf 
in the electrolyte can be related by*l 

» rt Jft Sbe r 0to ? ic se ParaUon factoVonririum' 
to deuterium, defined as • >...»■ . , • , • 

S - («D/«T),/(n D /« T ), . 

Equation (A.2) can be rewritten as 

S= (Xb/RT)/[n D /n T (t)] , ■ (A.3)" 

*o -.rate of production of deuterium atbms^^ v v 
n D = concentration of deuterium in the solution^ . ' 

Under experimental conditions, R D - R^d^^Tp^ 
.then we have. ... . .... :-^r ■ , 

R T = Rn T (t)/nS . ^jf^. |~{A;4)t : 

Substitution of Eq. (A.4) into Eq. (A.1) and'tttegnJI'* 
tiongives ; " : P^:.^-^^ 

«t(/)/«t(0) = S - (S - l)expC^) ;|^L5^ 
w ih the tritium buiMuptfaeconst*^^ 

r = SnV/& . . ; " |\CA.6)jr 

Equation (A.5) shows that the ma^umtf tiunSl^ • 
concentration in the solution due to isotopicseparation^l^ 
at infinitely long times is 5 times the tritium concentra- 4' * 
tion m the original solution. r. - 

t . Ac , C0 5 din 8^° Ref - s > S = 1.7 to 2i"and is'hence% 
taKen to be 2. Thus, the time constants for a charging * 
cell wuh a 15-ml volume and a total current of 0.15 A 
and for a calorimetric cell with a 100-ml volume and V 
total current of 0.5 A are 22.2 and 44.4 days, respec- 
tively, '---v 

In the other situation, deuterium and oxygen are 
recombined outside the cell and the resulting DjO is ■ 
reintroduced into the cell. In this case, as no tritium is 
lost due to the electrolysis and no fresh solution is ad- 
ded, Eq. (A.1) becomes 

i,(A.7) 



Vdn T (t)/dt = Q , 



givmg n r (t) = constant = n T (0), showing that in this 
case the concentration of tritium should remain con- 
stant in the absence of any nuclear reaction. 

, - ' r. * 

*- i . - • • 
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Since Jones et al. l) and Fleischmann and Pons 2 * 
reported that nuclear fusion occurred at room tempera- 
ture in Pd or Ti cathodes during the electrolysis of DA 
much effort has been made to reinvestigate the possibility 
of the dectrolytically induced cold fusion in condensed 
matter.^"* 2 * Spontaneous neutron emission due to the fu- 
sion of D-atoms has also been observed during the pro- 
cess of soaking Ti powder into D 2 gas up to 40atm, 
followed by cooling with liquid nitrogen and heating* 131 
More recently, it has been reported that D + ions ac- 
celerated to more than 1 keV caused fusion at a high rate 
in deuterated Ti I4) or Pd. l3> Although the "high-energy" 
nuclear fusion in solids can be well undertood within the 
current theory because the fusion rate at 1 keV has been 
calculated to be more than 10" times larger than that at 
300 eV or less,* the observed neutron emission without 
application of high voltages 1 * has given evidence of cold 
nuclear fusion. In this letter, we report a new technique 
for inducing "low-energy" nuclear fusion at room tem- 
perature in solids. By making use of this technique, we 
have observed a gigantic neutron burst and, at the same 
time, an explosive release of D 2 gas from deuterated Pd 
(Pd:D) plates as well as a biaxial bending of the samples. 
We have also detected excess heat evolution. 

The key process in the present study is the formation 
of D accumulation layers at solid surfaces by controlling 
the D-atom out-diffusive transport with hetrostructures. 
-Namely, one of the surfaces of a Pd:D (a-phase) 
substrate is covered with a thick Au-film in order to pre- 
vent the leakage of D-atoms from this side. In the present 
experiment, the substrates were obtained by immersing 
annealed Pd plates (99.9%; thickness= 1.0 mm) into D2 
gas ©9-9%; 0.5 atm) for 24 hours. The other surface is 
covered with a thin film having a diffusion constant of D 
less than Pd. This layer appropriately controls the out- 
diffusion of D-atoms passing through this interface. In 
the present work, we used a film with a thickness of less 
than 100 A containing mainly Mn and O, which we call 
Mn-O film in this letter. Thus, the D accumulation layer 

*i. KafdsJri, M. Gajda, D. Hariey and S. E. Jones: private communica- 
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can be formed at the interface during the out-diffusion 
processes of D-atoms by decreasing the pressure of am- 
bient D 2 gas. It will be shown later that the formation of 
the £-phase layer can provide cooperative feedback to 
cause further accumulation of D-atoms. 

As soon as the sample preparation was completed, we 
set three of these samples in another stainless-steel 
chamber, as schematically shown in Fig. 1, and 
evacuated ii , Neutrons were cc anted by using a BF 3 detec- 
tor (Aloka Co., Ltd: TPS-45iS) set at 38 cm from the 
samples. The leak detector (Varian tp. 925-40), monitor- , 
ing gases of mass numbers less than 6, was also set in the 
vacuum chamber. About three hours after pumping, we 
observed the virtually simultanious occurrence of the 
following events: (1) neutron emission of 0.1-0.2 mSv/h 
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< 10 nin 
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Fig. \ , Schematic diagram of the mcasurcincni apparatus. 
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for 2-3 seconds, (2) explosive release of gas from the 
samples, and (3) biaxial bending of all the 
uniform expansion of the sufaces with a thin Mn-O fita 
(see Rg. 2). When the samples were taken out from the 
chamber, we found an increase in the temperature of 
about 50°C on the stainless-steel sample holder as well as 
on aU three samples. We also observed that the color of 
An deposited on one of the surfaces was lost, which in- 
dicated alloying of Au and Pd. Thus, it is supposed that 
the temperature on the samples were temporarily increas- 
ed to above the Au-Pd alloying point (1064°C). IS 

In order to check the reproducibility on the same 
samples, we again immersed these samples into Djgasin 
the same chamber, and then evacuated it. About 150 
seconds after the start of pumping, we observed a second 
deantic neutron burst of 0.06-0.09 mSv/h for 1-2 
seconds followed by an explosive release of gas. After the 
pressure in the chamber was increased up to 1 atm with 
N» we again evacuated the chamber. Almost the same 
Ineutron emission and gas release were again observed 
i about 150 seconds after the start of pumping. The second 
: and third neutron bursts were recorded by the analog out- 
put of the neutron detector and are shown in Fig. 3. 

We performed approximately 20 experiments with the 
same procedure as denoted above. Neither of the above- 
mentioned-events was observed in any of those ex- 
: periments. We also performed a few experiments replac- 
■ mg Drgas by Hrgas and observed neither explosive gas 
. release nor neutron emission. However, this does not 

- mean that a mechanism responsible for the observed 
phenomena other than the fusion reaction itself does not 

: C xist in Pd:H systems, because the production of ac- 
• cumulation layers followed by biaxial bending of the 

- samples is expected to be almost independent of the mass 
number of the hydrogen-isotope. , , MV , 
v Here, it must be noted that all high-voltage (>200 V) 
power sources in the laboratory, except for the ion 
vacuum gauge, were off when the first, second and third 

neutron emissions described above were detected. We 
used batteries as the power source of the neutron detec- 
tors throughout the present experiment, and continuous- 
ly confirmed the absence of a noise on the analog output 
of the detectors, for a few months since the beginning of 
the experiment. It must further be noted that, in order to 
calibrate the BF, neutron detector, we performed D*-ion 
implantation into P&D at 50to 200 keV just after the 
first and second neutron emissions. It was found that the 
1 measured neutron flux coincides with that measured by 
t another neutron detector (Nuclear Enterprises Ltd.: 
NM2B) at various acceleration energies and dose rates. 
Provided that event (1) results from the usual D-D fu- 
, son reaction, the energy of emitted neutrons is 2.5 MeV 
and/or 14.1 MeV. Then, the neutron dose of 0.1 mSv/h 
; is equivalent to the neutron flux of 72 n/{caf- s). m Thus, 
- the amplitude of the first neutron emission is roughly 
evaluated to be (1 -2) x 10* n/s by assuming the neutron 
emission from the samples to be almost independent of 
the angle. The amplitude of the second and third enis- 
i^ioiis^ewaleat-to (0.6-0.9) x 10* »/s. The neutron 
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Fig. 2. A 3.0 cm x 3.0 cm palladium sample (thickncss=1.0 v nun) 
after the third neutron burst and explosive release of D 2 gas. Top side 
is Au-coated surface at which alloying occurred after the first neutron 
emission. 
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Fig. 3- The second and third neutron emissions as a function of time. 
The tailing behaviour after the neutron is detected is of no 
ffgrnfiranr* ; it is only a characteristic of the analog output of the 
device. 



larger than that reported by Fieischmann and Pons. 
Here, it is noted that the background level for neutron 
detection was ~(l-3)x l<r*Sv/h (-l(T 3 n/(cm J -s» 
throughout the present investigation. 

Furthermore, it can be considered that the gas released 
in event (2) is which was dissolved in the Pd samples, 
because atoms or molecules with a mass number of 4 
were detected in great quantity in the residual gas. Here, 
it is noted that atoms or molecules with the mass number 
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thought to be caused mainly by explosive out-diffusion of 
D-atoras through the interface between Pd and a thin 
Mn-O film. Besides* the reason for the sudden excess 
beat production is still not dear. It may be strongly cor- 
related to the decomposition of PdD, (x> 0.6) and subse- 
quent release of Dz gas, as argued by Pauling, 1 * or to the 
lattice rearrangement due to the plastic deformation, as 
described by event (3). 

Now let us consider the origin of the enhancement of 
the nuclear fusion rate observed in the present experi- 
ment. Kendo, 1 * Sun and Tomanek 2 * and Wang et aL U) 
have theoretically shewn that the separation between 
hydrogen atoms is much larger than the value required 
for a significant fusion rate in the equilibrium. Therefore 
it is believed that the present observation should result 
from some nonequilibrium processes, for instance, a 
rapid change in the configuration of host Pd-atoms or 
defects so as to bring D-atoms much closer to each other 
than in the equilibrium sites. 

One possibility for this is the "fracture" 
mechanism; 22 " 25 ? that is, an electrostatic field induced at the 
fracture or crack may accelerate the D + -ions and cause 
nuclear fusion. Another possible mechanism is the host- 
lattice rearrangement due to sudden plastic deformation 
followed by dynamical "musical-chairs" motions of D- 
atoms as follows: 

During- the diffusion process, D-atoms are ac- 
cumulated at the interface and form a "thin layer of fi- 
. phase PdD x (0.6<x<1.0), or an oversaturation- phase 
with x larger .than 1. This formation increases the lattice 
constant at tils layer, and then gives a biaxial strain to 
the samples. The strain, in turn, enhances the out-diffu- 
sion of D-atoms to the same side of the surfaces (Gorsky 
effect). Therefore, these effects can give a cooperative cy- 
cle of positive feedback to increase the D concentration 
at that side of Pd surfaces.* The resulting catastrophic in- 
crease in the strain due to the accumulation of D-atoms 
finally produces a plastic deformation in the sample 
plates, as in event (3), and causes each host Pd-atom to 
rearrange rapidly. As a consequence, D-atoms are forced 
to move dynamically to attain new potential minima. In 
fact, the X-ray analysis for the samples after the third 
neutron emission has revealed that there were con- 
siderable degradations of Pd crystals without the l-phase 
at the expanded surfaces, while the Au-coated surfaces 
had no degradation and contained a slight amount of 
phase. 

Here, we will conjecture that the rapid rearrangement 
of Pd-atoms can greatly increase the potential energy of 
D-atoms, by showing a simple example. Figure 4 in- 
dicates the calculated contour map of the empirical poten- 
tial 39 for the H-atom in Pd. As shown in Fig. 4(a), both 
the octahedral (0)-sites and the tetrahedral fl>sites, 
whose numbers are, respectively, 1 and 2 for one Pd- 
atom, give local minima without strain. As the biaxial 
strain parallel to the (110) plane is increased, the O-sites 
tend to become saddle points and no longer offer stable 

•The difficulty in reproducing the present experiment may therefore be 
' faCt cooperative production of D accumulation 

layers at Pd surfaces critically depends on the characteristics of the sur- 
~ fact barriers. 
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sites to hydrogen atoms, as shown in Fig. 4(b). In this 
case, the displaced T-sitcs become new local minima. 
Within such elastic deformation, it cannot be expected 
that D-atoms, which could have moved from the O-sites : 
to the displaced T-sites, obtain energy high enough to 
give a high fusion reaction. However, at the very moment 
of plastic deformation, the Pd-atom rearrangement due 
to the production of defects can increase the potential 
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Fig. 4. Potential contour for the H-atom in ihe I'd (110) plane (a) 
without the strain, (b) with the biaxial sirain (r M =f , r =9%) and (c) 
with a vacancy (V*,) and nearest-neighbor rearrangement (bond- 
shrink by 25%) as well as the biaxial strain, w| u >: - ,-he <1 10> direction 
is set to the z-axis and the contour step is 50 n; C aoo meV for Fig. 
4(c)). Shaded areas have energies larger than > ^ : r.c V (2 eV for Fig. 
4(c)) from the potential bottom, and the opvt. .ircies represent the 
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tudc at the displaced T-sites to the order of 10 2 * 3 
, as schematically shown in Fig. 4(c) for the simplest 
iefect (a single vacancy)- It can be easily shown that this 
rfsp holds for more complex defects such as edge or 
crew ^dislocations. Here, it must be noted that the 
itimber of potential minima can be decreased for any 
ase. Therefore, at this time, the probability that D- 
toms having the kinetic energy of the order of 10 2 * 3 eV 
oDide with each other will be increased significantly, 
lore detailed calculations win be necessary to check the 
aBdity of the proposed model. 
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Measurement of Neutron Emission from Ti and Pd in 
Pressurized D 2 Gas and D 2 0 Electrolysis Cells 



H. O ^Menlove , 1 M. M. Fowler, 1 E. Garcia, 1 M. C. Miller, 1 M. A. Padotti, R. R. Ryan, 1 
and S. E. Jones 2 



Experiments using high-efficiency neutron detectors have detected neutron emission from various 
forms of Pd and Ti metal in pressurized D 2 gas cells and D 2 0 electrolysis cells. Four independent 
neutron detectors based on *He gas tubes were used. Both random neutrons (0.05-0.2 n/s) and 
time-correlated neutron bursts (10-280 n) of £l00-u£ duration were measured using time-corre- 
lation counting techniques. The majority of the neutron burst events occurred at — 30*0 as the 
samples were warming up from the liquid nitrogen temperature. 



1. INTRODUCTION 

The recent announcement by Flesichmann et a/., (1) 
that, excess heat and substantial neutron flux had been 
observed in Pd cathodes in electrochemical cells, stim- 
ulated numerous experiments, although several claims 
(for example, gamma rays from neutron capture) have 
been retracted. (2) Independently, Jones et a/ (3) observed 
2.5-MeV neutron production at low levels during elec- 
trolytic infusion of D 2 into Ti and Pd electrodes, and 
discussed other means of creating non-equilibrium con- 
ditions, which might lead to "cold fusion." A replica- 
tion of the latter experiment in the Gran Sasso Laboratory 
in Italy< 4) provided confirmatory evidence for low-level 
2.5-MeV neutron production. In addition, neutron emis- 
sion has been reported in Ti subjected to pressurized D 2 
gas and temperature changes.* 5 * 6 * We have measured 
neutron emissions at low levels in both electrolytic cells 
and in metals subjected to pressurized gases. La partic- 
ular, we have observed the production of up to 300 n in 

1 Los Alamos National Laboratory, Los Ahnos, New Mexico 87545. 

2 Brigham Young University, Provo, Utah 846*02. 
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bursts of £l00-u£ duration, as well as random or single 
neutron emissions. 

We have measured both burst neutrons and random 
neutron emissions from a variety of sample types. The 
samples included cylinders of pressurized D 2 gas mixed 
with various forms of Pd and Ti metal chips, sponge, 
crystals, and powder. In addition, we have performed 
neutron measurements for electrolysis cells containing 
D 2 0 and cathodes of Ti, Pd, and V. 

We are using four separate neutron detector systems 
operated in parallel experiments. The detectors all utilize 
3 He gas proportional counters embedded in a polyeth- 
ylene (CH 2 ) moderator. Three of the detectors are of the 
cavity- (well-) type, and one has an open channel for 
larger samples. The electronics are based on shift-reg- 
ister circuits™ that give both the random and time-cor- 
related neutron counting rates. 



2. DETECTORS 

Four similar detector systems were used in the pre- 
sent experiments to increase sample throughput and to 

Ot64-0313W1200-0495S06.0CW) C 1990 Plenum Publishing Corporation 
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Acoustical emission has been used for qualitative, 
monitoring of cracking in the Ti samples. The sensor is 
a Dunegan/Endevdo acoustic transducer (Model D9203A- 
AD63) that is tuned to 150 kHz frequency and is attached 
to the outside of the sample bottle. 



3. DATA SURETY 

For low-level neutron counting and especially neu- 
tron burst counting, it is necessary to distinguish true 
neutron counts from spurious background noise. We have 
taken the following measures to assure that our burst 
events originate from neutrons: 

• We use four separate detectors operating in par- 
allel to pick up common sources of noise such as line 
voltage spikes, RF interference, cosmic-ray showers, and 
external room neutrons. 

• We alternate dummy sample runs with the active 
sample runs. 

• For System 3, we split the signal output to long 
(128-|i£) and short (16-jls) gates and require that the 
gate count ratio be consistent with the detector die-away 
time (-50 \is). 

• We collect singles counts, coincidence counts, 
and accidental counts and require that the three rates be 
consistent with observed neutron bursts. 

• We detected the neutron bursts at a predictable 
time (2000-4000 s into the warm-up from liquid nitro- 
gen, LN) and temperature ( — 30°C) for our first 12 
bursts (samples Ti - 1 and Ti - 6) and many subsequent 
bursts. 

• For sample numbers greater than Ti-17 we have 
added to System 3 a bank of Cd-covered 3 He tubes that 
measure only electrical noise and not neutrons. This acts 
as a veto for spurious electronic noise events. System 4 
was upgraded with an external ring of eight *He tubes 
to monitor the inside/outside tube ratio to check for con- 
sistency with sample neutrons as compared to external 
source neutrons or electrical noise. 

For System 3, we calibrated the gate fraction for 
instantaneous neutron bursts (spontaneous fission) using 
a ^Kf source for which the ratio was 128-jts gate/16- 
\is gate = 3.18 ± 0.01. For the sum of several weeks 
of data collection in System 3, the long to short gate 
ratio was 3.2 ± 0.3 for the cosmic-ray background and 
2.5 ± 0.4 for the sample neutron bursts. These ratios 
both agree statistically with the 252 Cf ratio and give ad- 
ditional evidence that the observed bunts are from neu- 
trons. Cosmic-ray spallations give a source of 
instantaneous coincidence background neutrons, and the 



gate ratio was measured to be the same as a spon- 
taneous-fission source. 

Prior to the work reported in this paper, we operated 
detector System 1 and System 3 for 4 weeks measuring 
Pons-type (1) electrolysis cells. During these experiments, 
we observed no neutron bursts or excess random neutron 
emissions. In retrospect, these samples could be consid- 
ered dummy samples. 

Additional measurements were performed to ensure 
that environmental noise was not getting into the detector 
systems. The results of these tests were as follows: (1) 
no gamma-ray sensitivity up to 1 R/h, (2) the entire 
detector was cooled to —40° C with no change in per- 
formance, (3) no electrical noise pickup for noise gen- 
erators (Telsa coils) placed directly into the detector cavity, 
(4) a long-term efficiency stability (precision) of 0.01%, 
and (5) no microphonic noise pickup for mechanical 
fracturing experiments or tests involving ultrasound in 
the detector cavity. 



4. NEUTRON BACKGROUNDS 

We- performed four experiments to establish the 
source of our backgrounds: (l)-we removed the CH 2 
moderator from detector Systems 3 and 4 and covered 
the *Kt tubes with 0.4-mm-thick cadmium sheet; (2) for 
the normal detector configuration (System 3), we in- 
creased the sample mass (steel) six-fold and measured 
the increase in background; (3) we removed die neutron 
shielding from System 4 and measured the background 
rate at ground level; and (4) for System 2, we replaced 
the AMPTEK amplifiers with a conventional pre-ampli- 
fier plus multichannel analyzer to collect the 765-keV 
pulse-height spectrum from neutron capture in 3 He gas 
tubes. 



4.1. Time-Correlated Counts 

Our primary neutron burst results correspond to time- 
correlated counts. The time-correlated background counts 
are essentially all from cosmic-ray spallation neutrons 
originating in the detector body (CH 2 + Al) and the 
sample (steel + Ti). This was established by experiment 
number 1, for which the neutron efficiency is so small 
that the coincidence efficiency is negligible. For this 
experiment, the time-correlated counts were less than 
one per day. 

For experiment number 2, the time-correlated back- 
ground counts were 6,0 counts/h (6.5-kg steel bar), 2.3 



: Measurement of Neutron Emission 



499 



Table EL Sample Materials 


Sample 




Pressure (psi) 




identification . 


Gas 


start-final" 


Materials* 


Ti«l 


Da 


OUU-wl™ 


111 o Ti qyinoa CI o T5 crucial* V & J a Ti l(\ f\ 1\ 

chips 


Ti-2 




290-UN 


-30 g Ti turnings (high temperatnre load) 


Ti-3 






9^ 0 ^PI h i tt< iwui /ft InsH^rl at 1 W t»mn^fgriir^ 
U g 1 1 lUTDIIIgS lOBOCU SI ICutpw alUlC ) 


tm 


Pi 


400-UN 


100 g Ti crystals, 100 g Ti sponge 


Ti-5 


Dj 


A/YLTTM 

.ow-uin 


40*h g 11 meiai nuiungs 


Ti-6 


n 




a TJ \7 A. a TI ivntrffor 1 it n 
XH / g 1 1 jRCvCo, l # g 1 1 jJvwuw, *t*v g 

BwJ nj-iruj-|,M 1 /ft rt ■Imji|pji|ijm*ii O » T5 

jro powuci, ^i/jw ciecuuiysis*~*M«o g 11 
sponge, 1.7 g Pd pieces) 


Ti-7 


Da 




g 1 1 sponge ucuicnocu co 11 i/a^g 


Ti-8 






g ii turnings, *? g u sponge iis^u eiecuj 


Ti-9 


n a 


JoUOOU 


ju g ii nxnungs anu sponge cico. ) 


Ti-10 




COfVT TVT 


*j g ii uirningSt *j g 11 sponge — •» g n 

Moetale ^ <r PH fail* /all fVnm ft *\*nt \ 

czysoiSy a g ru XUUS \aU uuiu 1/2^ ClCCUy 


Ti-11 




580-UN 


82gTi powder, 10g(90%Ti + 10% Pd) 
sintered powder 


DH-1 


D 2 + H, 




jo g ii oiiuy [pt*>t*r cuips 


DD-2 


Dj 


icnn 




DD-3 


D» 


S£U*olO 


10 a Ti (6 6-2\ 68 ff Ti f6 4^ chi'TM 
(dealerided daring loading) 


TP! 1 ^ 


^a 


580-UN 


14.8 s Ti sconce fD^O elect.) 


Ti-13 


n i 


580-UN 


10^ g Ti (6,6,2) chips 


Ti-14 


Da 


550-UN 


60 gTi (6,6^) chips 


Ti-15 


D 3 


550-UN 


50 g Ti sponge, 20 g Ti (6,6 J) chips 


Ti-16 


D 2 


150-14 

f^ 100 lreffll 
\500-150J 


30-g Ti sponge, 34 g Ti-Pd-simered 
powder, 45 g misc./ cathodes of Pd, Ti, Ni, 
Zr, V 


Ti-17 


D 3 


40-14 


60gTi(6,6^ciips 


DH-4 


H 2 + D 2 


196-0 


80 g Ti (6,6,2) crlips (deuterided during loading) 


DD-5 




40-0 

(400-UN) refill 


50 gTi (6,6,2) chips 


H-18 


D 2 


520-460 


60 g Ti (Z3) chips 



been used in electrolysis experiments of the Jones type.* 3 * 
Forty-two gas cylinder samples have been used in the 
experiments and 14 have yielded neutron emissions. Our 
attempts to run experiments using a single material com- 
ponent to isolate the neutron source have had limited 
success because of the intermittency of the effect. That 
is, the "right material" might still give a negative result 
because of variations in surface condition or some other 
feature required for the emission of neutrons. (Table IT 
gives a listing of the contents of the gas samples mea- 
sured through September 1989). 

Tliree dummy samples (filled with air and Ti) and 
five H 2 gas cylinders were used for control runs . The stain- 
less-steel gas cylinders were the same size and mass as lor 
the normal samples. The Ti masses ranged from 50-200 
g for the control cylinders. For many control runs, the same 
steel cylinder would be used for repeat experiments where 
the Ti was changed. Also, for the normal samples, the 
same steel cylinders were used for multiple samples where 



the 11 and gas fills were changed. Details on the H 2 gas 
control cylinders are given in Table II. 

5.2. D 3 0 Electrolysis Experiments 

In addition to the gas phase experiments, we have 
run four experiments using Jones-type (3) cells and elec- 
trolytes. Each of the experiments had six D 2 0 cells lo- 
cated in System 1. The anodes were gold foils and the 
cathodes were Ti, Pd, V, and Zr (foils, crystals, sponge, 
and sintered powder). 

For one experiment, the electrolyte was D 2 0 mixed 
with the multiple ingredients described in Ref. 3. For the 
other three experiments, the electrolyte was an acidified 
(pH = 4) 10-g/L li^SO^O solution. The currents and 
voltages were varied over the range fron 0-4 A and 0-16 
V, respectively. Sometimes the voltage was pulsed (700 
ms on, 100 ms off). Hie data were collected in 1000-s or 
2000-s time bins, and the experiments lasted for several 
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fig. l.(a) The combined coincidence results for the Ti-1 sample (left side) and the dummy cylinder (right side) thai were measured in System 3. 
The dummy and the T-l sample were measured alternating in time in the detector. Tone zero represents the removal of the cylinder from the LN 
for both the sample and dummy. The ordinate corresponds to N, the number of neutrons detected in the 1000-s time bins. These neutron bursts 
were shown to arrive within a time of less than 100 (is. The average number of coincidence counts in the dummy runs was one count every 2000 
s. The control counter (System 4) gave null results during the entire experiment, (b) The coincidence results, N, for six active cycles for sample 
Ti-6 measured in System 3. The neutron burst results mostly occur 2000-4000 s into the warm-up period. The ordinate S is the number of neutrons 
detected in individual bursts. The largest burst gave 85 neutron counts representing a source term of 253 n. 



servations was approximately -30°C with a wide tem- 
perature distribution as shown in Fig. 2a. 

The significance of the relationship between the 
temperature and the neutron bursts is yet to be estab- 
lished. It might be related to phase changes in the metal 
or to other stress conditions. If Ti metal is deuterided to 
a sufficiently high level, it has the possibility of going 
through a phase transition between 77-300°K. However, 
none of the samples that had been pre-deuterided at el- 
evated temperatures gave neutron yields. 

We also have observed bursts from a cylinder (DH- 
1) loaded with 30 atm of D 2 plus 30 atm of H 2 gas. 
The addition of the H 2 gas was motivated by the pos- 
sibility of obtaining p + d fusion in future experi- 
ments and measuring the high-energy (5.4-MeV) gamma 
rays. 

This sample gave no bursts during the warm-up 
from LN temperature; however, we have observed at 



least four neutron bursts from the cylinder at room tem- 
perature as shown in Fig. 3b. 

We have recently run hydrogen gas control exper- 
iments with five samples loaded with H 2 gas in place of 
D 2 gas. There was no excess neutron yield from these 
five experiments over a period of several months. These 
cylinders are now serving as control cylinders for alter- 
nating runs with the sample cylinders. After 5 days of 
measuring the„ H 2 gas control sample Ti-31, the H 2 gas 
was replaced by Dj gas and the sample was renamed Ti- 
31A. The refilled sample H-31A subsequently gave two 

large bursts during the warm-up from LN at 30°C 

(see Table HI). 

fi. 2.2 Random Neutron Emissions 

In addition to the burst-type results, we have mea- 
sured random neutron emissions from several of the gas 
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Fig. 3.(a) The number of coincidence counts A, in 2000-s 
time bins vs. measurement time for sample DH-5 measured 
in Systems 2 and 3. The large burst events at approximately 
250 h occurred at a sample temperature between -100 and 
0°C during the warm-up on LN cycle 6. (b) The number" 
of coincidence counts R> vs. time for sample DH-1 (top 
curve) and the dummy cylinder (bottom curve). All of the 
bursts occurred at room temperature. The ordinate corre- 
sponds to the number of time correlated counts measured 
during the 2000-s time bins. The background coincidence 
counts result from cosmic-ray neutron bursts in the detector. 
The first sample burst occurred about 18 b after the first 
LN cycle, (c) The coincidence neutrons counts, A, vs. time 
for six DjO electrolysis cells measured in System 1. The 
bottom data correspond to six DjO dummy cells measured 
in the same detector immediately after the sample run was 
completed. The ordinate corresponds to the number of time- 
correlated counts R measured during the 2000-s time bins. 
The burst activity continued for several hours after cutting 
off the current at 71 h into the experiment. The control runs 
taken in Systems 3 and 4 gave no burst activity or change 
in background rates during eita the sample run or the 
dummy runs. The largest burst corresponds to a source term 
of approximately 130 n. 
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cylinders. The electronics that we are using were de- 
signed to separate purely random neutron emissions from 
time-correlated bursts in which two or more neutrons 
emitted at die same time are considered a correlated event. 8 
The results for sample Ti-1 are shown in Fig. 4. 

Immediately following the Ti-1 overnight run, in 
System 4 the sample (Ti-1) was counted alternating be- 
tween Systems 3 and 4 with the dummy in the opposite 
detector. These runs were for 4000 s each with two round 
trips in each detector for a total of 8000 s in System 3 
plus 8000 s in System 4. Sample Ti-1 gave an excess of 
random neutron counts in both systems with a signifi- 
cance level in System 3 of 2.6a and 3.6a in System 4. 
The combined (both detectors) significance for Ti-1 was 
43a above the dummy background baseline. No tem- 
perature cycling was involved during this period. 

Sample Ti-3 gave an excess random neutron emis- 
sion during the 5-h period following the first LN tem- 
perature cycle. The average totals rate was 0.2594 ± 
0.0034 counts/s for the 5-h period, which was 4.3a above 
the dummy background baseline rate of 0.2413 ± 0.0025 
counts/s that was measured for a 11-h period before and 
after the sample run. The adjacent control detectors gave 
a constant background rate during the sample and back- 
ground time periods. Subsequent temperature cycling of 
this sample gave no random :>? burst emissions. 




Fig. 4. The totals (random) neutron counting rate for sample Ti-1 
measured in System 4 over a 17-h time period at room temperature 
after the first two LN cycles. The right-hand section of Fig. 3 corre- 
sponds to data for the dummy sample in System 4, and the time line 
is reset to zero when the dummy count starts. The data taken in the 
control counter (System 3) during the same two nights gave a constant 
background rate during the two nights. The average of the 17-h sample 
data was 0.4298 ± 0.0027 counts/s, whereas the average of 22 h of 
the dummy runs was 0J943 ± 0.0022 events/s. The difference in the 
two average values corresponds to a 10.3a significance level. 



For the random neutron emission results, long 
.counting intervals are required to statistically differen- 
tiate the low-level emission rates (0.05-0.2 n/s) from the 
background rate. 

6.2. D 2 0 Electrolysis Results. 

We performed three experiments with Jones- 
type (3) cells where each experiment involved six D 2 0 cells 
containing different cathodes of Ti, Pd, Zr, and V metal. 
While two experiments showed -3a results above back- 
ground levels, the limited sensitivity in the random- 
counting mode precludes any definitive statement con- 
cerning neutron emission at this time. 

A fourth experiment gave burst yields after running 
the current for about 12 h of electrolysis, and the bursts 
continued for several days as shown in Fig. 3c. 



7. SUMMARY 

We have observed both burst and random neutron 
emissions from 14 samples involved in 42 different ex- 
periments. Table m gives a summary of the results. Two 
different detector systems have been used to measure the 
random emissions and all four systems have detected the 
burst results. The individual burst results are as much as 
two orders of magnitude abdvt; the background levels. 

Cosmic-ray neutron bursts are responsible for the 
coincidence background/Typical background counts are 
shown in Figs. 1,3, and 4 for the dummy runs. Some 
of the sample burst results could be large cosmic-ray 
bursts, but they should also be showing up during the 
background runs. The largest background burst that we 
have observed in the four systems over a 20-week period 
. was 9 n detected (a source term of 30 n) in System 4. 
Samples Ti-1 and Ti-6 yielded neutron bursts at a pre- 
dictable time into the experiment: ail 12 neutron bursts 
occurred between 2000-4000 s into the LN warm-up 
cycle. 

The results reported in this work do not define the 
neutron production mechanism. Several models have been 
proposed for the production of neutrons in the two types 
of experiments for which they have been detected; that 
is, electrochemical experiments and those in which var- 
ious forms of Ti metals or alloys have been subjected to 
thermal cycling under D 2 gas at pressure. The possibility 
of particle acceleration caused by charge separation dur- 
ing a fracturing process has been suggested.* 11 " 13 * In sup- 
port of the latter suggestion, both, electron and positive 



J. ElectroanaL Chem.. 304 (1991) 271-278 
£lsevier Sequoia S.A.. Lausanne - 

Preliminary note 

Helium production during the electrolysis of D 2 0 in cold 
fusion experiments 

B.F. Bush and JJ. Lagowski 

Department of Chemistry. University of Texas; Austin, TX 73712 (USA) , 
M.H. Miles * and G,S. Ostrom 

Chemistry. Division* Research Department, Naval Weapons Center, China Lake, CA 93555 (USA) 
(Received 15 February 1991) 

INTRODUCTION 

-Our interest in the "cold fusion" process [1,2] was piqued by the apparent lack of 
systematic investigation into the composition of the gaseous products produced 
during the electrolysis of D 2 0. A critical issue- in determining whether or not the 
cold fusion process exists is the quality of the evidence concerning the corhposition 
of the gaseous products. The low intensity of neutrons has prompted proposals of 
other fusion processes such as d + d ->. 4 Hie + y [3] and p + d ■ 3 He [4,5]. Accord- 
ingly, we report the results of experiments designed to detect helium in the effluent 
gases from electrolysis reactions at palladium cathodes while rigorously excluding 
possible helium contamination from other sources. The calorimetric electrolysis 
experiments reported here were performed at China Lake, and the analyses designed 
to establish the composition of the effluent gases were performed in Austin. 

EXPERIMENTAL 

The effluent gas from calorimetrie electrolytic cells designed to detect excess 
enthalpy [6,7] was collected with the rigorous exclusion of air, and passed through 
an activated charcoal cryofiltration system (Fig. 1) to remove all gases except helium 
[8], The first stage of the cryofilter acts as a cryopump to sweep any helium 
entrained in the effluent gas into the filtration system, while the second stage of the 
cryofilter removes any D : that gets past the first stage. 
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Fig. V. The two stage activated charcoal cryoilher,* designed to remove all gases except helium. 
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Strenuous efforts were made to avoid contamination of the effluent gas from the 
electrolytic cell with any external source of helium. A sketch of the cell and gas 
collection system is shown in Fig. 2. Two identical systems were always run 
simultaneously using calorimetric cells as described previously [7]. Connections 
between the cell, flask, and oil bubbler employed thick-walled rubber vacuum 
tubing; All connecting lines, as well as the cell, were flushed vigorously with boil-off 
nitrogen, which contained no 4 He (see Table 1), for at least 10 min prior to 
attaching a gas collection flask. Furthermore, the flasks were generally connected to 
the cell for at least two days of D 2 0 electrolysis before removal. The gas evolution 
rate was calculkted to be 6,75 ml min" 1 at 528 mA (200 mA/cm 2 ) and 700 Torr 
assuming 'deal gas behavior; thus the 500 ml collection flask was further flushed 
with more than 19 times its volume of evolving D 2 and 0 2 gases per day. Actual 
measi remtnts of the gas evolution rate by the displacement of water yielded 
6.75 ± 0.25 ml min" 1 for cell A and 6.69 ± 0.15 ml min" 1 for cell B. All solvent 
additions were made only after vigorously sparging the make-up DjO with nitrogen 
for about 5 min. The D 2 0 was always added through the septum and stopcock into 
the cell using a gas-tight syringe (Hamilton No. 1005). 

Commercially available argon gas, which might be considered as an "inert" 
atmosphere in these experiments, contained a substantial quantity of He. but 




Fig. 2. Electrolytic cell with positive pressure gas discharge line used to collect samples of effluent gas. 



nitrogen from liquid N 2 boil-off contained no detectable 4 He (Table 1). The 
palladium , rod cathodes (Johnson Matthey, 99.96%, A = 2.64 cm 2 , V= 0.35 cm 3 ) 
were wet polished with silicon carbide paper prior to use in these experiments. This 
surface treatment would likely remove any measurable helium contamination in the 
palladium [9]. Collection flasks were prepared in Austin for effluent gas collection at 
China Lake by applying a 10 mTorr vacuum (measured at the flask) followed by 
filling with boil-off N 2 . This process was repeated three times per flask. The 
collection flasks (500 ml) processed by this method contained no detectable 4 He. 

Mass spectral measurements were made using a Bell & Howell 21-491 mass 
spectrometer. The mass spectrometer had sufficient resolution to separate D 2 and 
4 He easily when the mass peaks were displayed as analogue signals on an oscillo- 

, scope. After removing the air from the cryofilter by evacuating and flushing the 
filters with nitrogen multiple times, the evacuated filters were connected to the mass 

. spectrometer, and the gas collection flask was attached to the filters using a short 
section of thick-walled rubber tubing; then the air in the rubber tubing was 
evacuated through the two filter bypasses as shown in Fig. 1. The filters were then • 
cooled by immersion in liquid nitrogen for several minutes whereupon the stopcocks 
were manipulated to open the collection flask to the first stage of the cryofilter for 
approximately 10 s while the stopcock to the second stage remained closed. After 
allowing at least 1 min for. adsorption of the effluent gas into the activated charcoal 
of the first stage cryofilter, the stopcock to the second stage cryofilter was opened. 
Concurrently, the valve controlling the evacuation of the ion source of the mass 
spectrometer was closed t > enhance sensitivity by preventing rapid evacuation of the 
sample from the source. If helium had not been observed after approximately 3 min, 
then the inlet to the ion source of the mass spectrometer was valved off, and any 
helium diffusing through the cryofilter was allowed to accumulate between the filter 
and the valve. The opening of this inlet to the mass spectrometer surged any helium 
present into the source, thus enhancing the . concentration of the helium to be 
observed. When operated in this manner, there is enough effluent gas in one 500 ml 
flask to perform two helium determinations should the results of the first determina- 
tion be ambiguous for any reason. As demonstrated by samples 6-9 in Table 1, the 
detection limit for helium is approximately 8x10" atoms of 4 He in the gas 
condensed into the cryofilter. 

RESULTS 

The reproducibility of our method for collecting gaseous samples and analyzing 
for helium is illustrated by the data presented in Table 1. No helium was detectable 
in routinely repeated experiments involving collection flasks filled with boil-off 
nitrogen (Sample 1). Collection flasks (500 ml) were then filled with boil-off 
nitrogen at Austin and shipped to China Lake where they were either connected to 
the gas collection system and flushed with boil-off nitrogen (Samples 2-5) or simply 
returned unopened (Samples 6,7). These flasks contained no detectable 4 He except 
in two cases (Table 1). We ascribe the miniscule amount of 4 He detected in Sample 
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TABLE 2 * 

D 2 0+ UOD electrolysis. The presence of helium in the effluent gas compared to the generation of excess 
power and heat 



Sample 



P„/W A/r^/AH, 



Results * 



(1) 12/14/90 A 

(2) 05/05/75 B 

(3) 11/25/90 B 

(4) 11/14/79B 

(5) 04/29/65 A 

(6) 11/27/90 A . 

(7) 03/26/69 A 

(8) 0I/18/37A 

(9) 12/17/90 B 



0.52 b 

0.46 

0.36 

0.17 

0.24 

0.22 

0.14 

0.07 

0.29 ^ 



120/1 b 4 He observed as large peak, long dwell; no 3 He b 

1.27/T 4 He observed as large peak, long dwell c 

1.15/1 *He observed as large peak, long dwell; no 3 He 

1.12/1 4 He observed at detection limit; no 3 He 

1.10/1 4 He bbserved medium peak, some dwell; no 3 He 

1.09/1 4 He observed as large peak, long dwell c 

1.08/1 4 He observed at detection limit; no 3 He 

1.03/1 No 4 He or 3 He observed 

1.11/1 d No 4 He or 3 He observed d 



J Mass spectrometer, always at highest sensitivity. 
b Current was 660 mA, all other experiments used 528 mA. 
c - No measurement of 3 He was made. 

d The D 2 0 solution level of the cell was found to be excessively low resulting in an erroneous 
calprimetric result. 



4 (01/09/91 B-l) and the lar^e amount of He detected in Sample 6 (01/16/91 N 2 ) 
to air leaks that may have occurred during shipment by air freight due to reduced 
atmospheric pressure in flight Deuterium oxygen mixtures could not be shipped by 
air freight due to the explosion haz xd. Thus the nitrogen standard Samples 2-7 in 
Table 1 represent worst case situations. * y 

The 4 He detection limits (Samples 8-11 in Table 1), the purity of the flush gas 
(Samples 1-7)* and our ability to exclude 4 He contamination from the air were 
determined concurrently with the analyses of effluent gas samples from China Lake. 
We believe that the analysis of effluent gas produced by the electrolytic cells are 
definitive. The results tabulated in Table 2 indicate that the effluent gases contained 
4 He when electrolysis of D 2 0 produced significant excess heat and power. A second 
measurement was performed when the first measurement was ambiguous. The 
helium detection limit of our technique is approximately 0.14 W in terms of excess 
power (P cx ) or about 1.08/1 in heat ratios {AH out /AH in \ with the calorimetry 
being accurate to 3% (±0.03/1). The excess power of 0.14 W (8% excess heat) 
reported in Tabie 2 corresponds to approximately 2 X id 12 atoms of 4 He in a 500 ml 
flask as referenced to the 10 mTorr air in 500 nil of N 2 (Table 1). The excess power 
observed is roughly proportional to the concentration of helium in the effluent gas 
within the limits of experimental resolution. The calorimetric results reported in 
Table 2 were measured shortly before the removal of the gas collection flask; 
however, fairly constant values were obtained throughout the day.. 

In a preliminary experiment, dental X-ray films were positioned near the outer 
surfaces of- two operating D 2 + LiOD electrolytic cells in an attempt to detect 
ionizing radiation. In both instances, the dental films were found to be significantly 
exposed when developed. It was not possible for hydrogen or deuterium to sensitize 



TABLE 3 

H 2 0+UOH electrolysis. Checking for 4 Hc in effluent gas 
Sample Results* 

(1) 1/9/91 A-2 No 4 He or 3 Hc observed • 

(2) 1/16/91 A No 4 He or 3 He observed 

(3) 1/16/91 AA ' No 4 He or 3 He observed 

(4) 1/16/91 B No 4 He or 3 He observed 
<5) 1/17/91 A No 4 He or 3 He observed 
(6) 1/17/91 B No 4 He or 3 He observed 

* Mass spectrometer, always at highest sensitivity; any gas passing though the cryofilter was allowed time 
to accumulate and then surged into the mass spectrometer. 

the film because the cells were completely sealed for effluent gas analysis. A cell 
containing H 2 0 + LiOH and producing no excess heat gave no.exposure of the film 
in a similar experiment. 

As a final experiment, the D 2 0 + LiOD in the electrolytic cells was replaced by 
H 2 0 + LiOH to serve as.a control experiment. The H 2 Q + LiOH electrolysis, being 
conducted in an identical manner to the D,0 + LiOD -electrolysis, is the best 
indication of our ability to exclude 4 He contamination from the air. However, 
fusion via the p +<d -* 3 He pathway cannc i be aled out either theoretically [4,5] or 
experimentally [10] since our palladium e cctrcdes likely retained some deuterium 
from the previous experiments. Although some unexplained excejs heat effects were 
observed, no 3 He or 4 He was detected (Table 3). Furthermore, no exposure of 
dental X-ray films occurred in these H 2 0 + LiOH/Pd cells. 

DISCUSSION 

The; use of the activated charcoal cryofilter removes the interfering D 2 and 0 2 
from the effluent gas allowing unambiguous observation of helium by mass spec- 
trometry. Further. 4 He can be identified in the presence of D 2 because of its higher 
ionization potential; likewise 3 He can be distinguished from HD. As the accelerat- 
ing voltage of the electron gun ionizer in the mass spectrometer is lowered, helium 
related peaks will disappear due to a decrease in ions produced, but molecules 
incorporating isotopes of hydrogen will continue to be ionized. 

All of the relevant analyses were performed with the mass spectrometer at its 
highest sensitivity setting. Strenuous efforts to prevent helium infiltration due to air 
leaks were generally successful. Had gross air leaks occurred, helium would have 
been detected at concentrations several orders of magnitude above those observed. 

The concentration of helium ( 4 He) observed in the gaseous products maintained 
an approximate correspondence to the amount of excess power measured in the 
electrochemical calorimetric cells (Table 2), This indicates that 4 He is produced at 
or near the surface of the palladium electrode rather than deeper in the bulk metal 
and that the preponderance of the helium escapes from the electrode and resides in 
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- the effluent gas. Another study of helium in electrolyzed palladium tends to support 
this behavior [9]. 

Although the exact nature of the fusion reaction or reactions producing the 
excess heat effect is not known, the process 



2 D + 2 D -* 4 He + y + 23.4 MeV 



(1) 



can be used as a basis for an estimate of helium production, For this fusion process, 
1 W corresponds to the production of 2.66 X iO n 4 He s~ ! . The highest excess power 
observed at 528 mA (0.46 W or 1.3 W/cm 3 , Sample 2 in Table 2) would therefore 
produce 5 A x 10 14 atoms of 4 He in the time period required to fill the 500 ml 
collection flask with D 2 and 0 2 gases (4440 s). '"It is apparent from Table 1 that this 
amount of 4 He would be more, that two orders of magnitude above the detection 
limit for the analytical method used in this study. The large amount of 4 He observed - 
in this experiment (Table 2) is likely to be within an order of magnitude of this 
theoretical estimate of helium production, 

CONCLUSIONS 

Our cold fusion experiments show a correlation between the generation of excess 
heat and power and the production of 4 He, established in the absence of outside 
contamination. This correlation in the palladium/'D 2 0 system provides strong 
evidence that nuclear processes are occuring in thes: electrolytic experiments. The 
major gaseous fusion product in 1^0 + LiOD is 4 He rather than 3 He. No helium 
products are found in H 2 0 + LiOH experiments. These results add to the accu- 
mulating evidence for cold fusion that involves 12 countries and more than 70 
laboratories [11]. n 
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NUCLEAR FUSION IN AN ATOMIC LATTICE : AN UPDATE ON THE 
• INTERNATIONAL STATUS OF COLD FUSION RESEARCH 

M. Srinivasan 
Neutron Physics Division 
Bhabha Atomic Research Centre 
Trombay, Bombay 400 085 

Abstract 

It is new two years since the first reports of the occurrence of nuclear reactions at ambient 
tempemtwrsindeuteratedmembsuchasPdorTi werepublbhed' 4 ColdFusion"asthisp 
now come to be known has however become embroSed in intense controversy, with the saentifkeorrymmity 
becoming sharpty polarised into "belkvm JTusambiva- 
lence isprimarQy became of thenm 

often using sophisticated experimental equipment However as the present mnew clearly shows, a large 
number of laboratories in many different countries have now obtainedvery reliabk experimental evidence 
confirming the generatignofZ45 MeV neutro ns, tritium, charged particles, X-rays etc both in electrolysis 
experiments and i n a variety of other Dp/plasma fio nbgqm Ify ^g experiments thereby confirming the 
nuclear originofthephenomenon. These experimenMrcstths an ^ 

as being "experimental artifacts" any more. It is under :tandable that the scientific communx y finds it 
difficult to accept a phenomenon that is not repeatabl' at will as "science". It would seen* that the 
sporadidty of the results is due to some as yet unknown parameters which seem to bexontrolhngthe onset 
of nuctear phenomena in soltideuteratedma^ It hds new become apparerU that fa 
coldfusion is highly complex. Although simple (d-d) reactions leading to the production of 145 MeV 
neutrons do seem to take place, that appears to be only, one form of 'manifestation of the phenomenon The 
excess heat measurements of Fleischmann et al have also been confirmed by now. The main indication 
at hand that it is of nuclear origin is ifie detection of He 4 in the off gases issuingfrom an electrolytic cell 
producing "excess power* 9 as well as in some "spent" Pd rods which had produced "excess heat". Besides, 
the enormous magnitude of 'the energy released, uptoaGJImoleofPd, is very dificult to be explained by any 
chemical mechanism. Theoreticians have come up with models which are begnning to explain many of 
the "puzzles" raised by the experimental observations. The fascinating new field of cold fusion has thus 
opened up new vistas in physics and technology. 



L Introduction 

Ever since the startling announcement in 
March 1989 by Utah scientists Fleischmann, 
Pons and Hawkins III arid shortly thereafter by 
Jones et al/2/, of the experimental observation 
of anomalous excess heat and/or fusion reac- 
tion products during the electrolysis of heavy 



water by means of Pd cathodes, there have been 
frantic attempts the world over to confirm this 
unbelievable phenomenon of "fusion in a bottle" 
or "cold fusion" as it has come to be known- 
Several laboratories such as the Texas A & M 
University /3,4/, Stanford University 151, Case 
Western Reserve University^/, Moscow State 
University HI and University of Florida IS/ 



repdtfftd obtaining positive results within weeks 
of the first announcement The initial euphoria 
however soon turned sour when many other 
leading institutions such as Caltech /9/, Law* 
rence Livermore National Lab AO/, Sandia 
National Lab /ll/, Chalk River /12/ f Harwell / 
13/, Max Planck Institute at Munich 714/ etc 
failed to reproduce the "claimed" results of the 
original authors. Inspite of many groups report- 
ing neutrons, tritium and excess heat production 
at the Santa Fe Workshop on Cold Fusion 
Phenomena (May 23rd-25th 1989) /15/, the 
overall impression which began to be formed in 
scientific circles was that cold fusion does not 
exist and the reported "evidence" was some 
peculiar "artifact" of the experiments. This was 
reflected in the final report of the US .Depart- 
ment of Energy's 22 member Cold Fusion Panel 
submitted in November ^89/16/ which am- 
ended that "the present evidence for the dis- 
covery of a new.iuclear process termed cold 
fusion is noj .persuasive"* They went on to 
suitnise: "Nuclear fusion at room temperature 
of the type discussed in this report would be 
contrary to all understanding gained of nuclear 
reactions in the last half a century, it would 
require the invention of an entirely new nuclear 
process". 

Meanwhile more "positive" results contin- 
ued to pour in from laboratories such as Los 
Alamos /17/, Texas A & M University /18/, 
University of Minnesota /19/, Universidad Au- 
tonoma De Madrid /20/, Manne Seighbahn 
Institute of Physics fill at Stockholm and sev- 
eral different groups in Japan [221. Besides elec- 
trolysis,, deuterium gas loaded Tx 1231 and Pd / 
24/ targets both with 1251 and without f26/ 
application of electric fields have also indicated 
the occurrence of cold fusion reactions charting 
a new -route for the exploration of the phe- 
nomenon of cold fusion. It was the National 
Science Foundation (NSF)/Electric Power 
Research Institute (EPRI) sponsored meeting 
on "Anomalous Effects in Deuterated Mate- 



rials " held at Washington D.C during October 
1989/27/, in the presence of Edward Teller, that 
perhaps served as a turning point in the accep- 
tance of cold fusion as a fact to be faced by the 
physics community although the number of firm 
"believers" remained small at that point of time. 

In India experimental studies to verify the 
authenticity of the cold fusion phenomenon 
commenced immediately after the Fleiscbmann- 
Pons announcement with groups from the 
Bhabha Atomic Research Centre (BARC) 
/28/, Tata Institute of Fundamental Research 
(T1FR) f29/ f Indira C^dhi Cenbe fbr Atoixixc 
Research (IGCAR) /30/ and Variable Energy 
Cyclotron Cente (VECC) /31/ reporting posi- 
tive results. By December of 1989 a detailed 
description of the impressive work carfSi8* out 
at BARCduring the first six months 6f the "cold" 
fusion era" had been released as report BARC 
150(>/32/. The experimental papers of this col- 
lection of notes have sittte been published in 
"Fusion Technology" /53/. Since the early 
BARC results are by now well documented and 
publicised, in the present update they will only 
be commented upon very briefly. 

During theyearl990, there were two major 
international conferences devoted entirely to 
the subject of cold fusion which have helped to 
take stock of the progress of research in this" 

t field. The first was held at Salt Lake Qfjr late in 
March 1990/34/under the patronage of Fleisch- 
mann and Pons, to coincide with the first anni- 
Versary of their epoch making announcement, 
and emphasised calorimetry and excess heat 
studies. The other meeting which was hosted by 

f Jones* group in October 1990 it ifieBrigham 
Young University in Provo, Utah concentrated 
On measurement of nuclear effects in deuterium/ 
solid systems /35A The present overview draws 
mainly from the proceedings of these meetings 
which together account far over a hundred papers, 
besides the very significant work reported dm* 
ing the last year from Japan. It is learnt that 



there are presently over 50 groups involving 
over 250 scientists engaged in cold fusion re- 
search in Japan alone. In the USSR too 

^significant results were obtained early on /36A 
The status of cold fusion research in China was 

. reviewed at a national level meeting held at 
Beijing in May 1990* 

Bockris et al #7,38/ have presented a good 
summary of the status of cold fusion research as 
of mid-IW. Hbor Braun of Budapest has 
compiled a consolidated list of papers pub- 
lished in the area of cold fusion since the begin- 
ning 1391. Another good source of information 
is "Fusion Facts" /40/ which is a monthly digest 
of the latest reports on cold fusion* It is not the 
purpose of the present paper to give an exhaus- 
tive and thorough analysis of each and every 
published paper in this field so far but rather to 
give a broad overview of the cold fusion scene as 
it stands today, two years after it aH began, 
highlighting the major new results published 
during 1990. 

2. CahrimetrylExcessHeatStudiesinDp 
Electrolysis 

The simple electrolytic cell which was 
used by Fleischmann et .al /l/ to demonstrate 
the production of excess power comprised of a 
Pd rod cathode and a Pt wire anode wound 
loosely around the cathode as shown in Fig-1. 
The electrolyte was a solution of 0.1 M LiOD 
dissolved in D 2 0. The cell, made of a double 
walled vacuum jacketed dewar type glass vessel 
was immersed in a large constant temperature 
water bath. Thermistor probes located both . 
inside the cell and in the water bath helped 
monitor the cell thermal power output A built 
in immersion type electrical resistance heater 
was used to calibrate the thermal response char- 
acteristics of the system under steady condi- 
tions. The input joule power dissipation rate 
was computed as (E-1.54) *I watts where E is 
the applied voltage to the cell and I the cell 



current in amperes. 154 accounts for the energy 
consumed in splitting D 2 0 into deuterium and 
oxygen and is refened to as the "thennoneutral 
potential" for this system. 

As is well known by now, the initial pio- 
neering paper of Fleischmann, Pons and Hawk- 
ins met with considerable criticism /41,42/. Some 
of the points raised by hiscritics were: (i) Excess 
heat was due to recombination of electrblyti- 
cally generated D 2 and 0 2 ; 00 Inadequate 
mixing of the electrolyte gave rise to errors in 
temperature measurements; (Si) Inadequate 
control of water bath temperature could have 
produced erroneous results; (iv) Fleischmann 
and Pons* heat transfer computations were 
subject to both random and systematic errors; 

(v) No blank or control experimentsweredone; 

(vi) The gamma ray spectrum presented by the 
authors as evidence of neutron production was 
spurious. All these have now been systemati- 
cally answered by Fleischmann and Pons in 
three different papers /43-45A It is by now clear 
that their calorimetric iflfeasurements were in 
fact quite reliable and that they (along with 
more than a dozen other groups in the world) 
have indeed obtained excess power levels of 
about 25 to 30% over and above the input joule 
power dissipation rate. 

Fleischmann et al have carried out an 
exhaustive and systematic study of the excess 
power generated as a function of Pd cathode 
diameter (1 A 4 and 8 mm dia) and current den- 
sity (8 to 1024 mA/cm 2 ) (See Table I). In gen- 
eral they find that excess power scales near- 
quadratically with current density, with the 1 
mm diameter cathodes generating more specific 
excess power (W/cm 3 ) than the higher diameter 
cathodes at a given current density. In their 
experiments 8 mm rods for example did 
not generate any excess power. At m 1 A/cm 2 the 
1 mm rods produced an excess power of ' 1 W 
foraninputpowerof "4W. This corresponds to 
* a specific excess power of over 100 W/cm 3 (or * 



8 W/g) of PcL In Ref /46/Kainthla et al have ^ 
examined eight possible chemical mechanisms 
which can in principle contribute to "excess 
heat" and have pointed out that even if all these 
mechanisms were to operate simultaneously, 
not more than 3 W/cm 3 can be generated. An 
important condusion to emerge front the pio- 
neering work of Fleischmann and Pons is that 
there seems to be a threshold current density of 
about a 100 mA/cm 2 below which the excess 
heat production becomes negligible, at least in 
the case of D 2 0 electrolysis. 

A new phenomenon noticed by Reisch- 
mann and Pons since their first publication is 
that superimposed on the "baseline" excess 
heat, sometimes large "bursts" of excess en- 
thalpy, 20 to 40 times the input power values 
(see E&2) are observed /45A The event de- 
picted^ Fig.2 lasted for a duration of almost a 
fortnight This type of sporadic heat excursions 
have however been seen only by a few pther 
workers so far /47,48,49A But the baseline ex- 
cess heat which is directly corrdated with the 
current demity has been observed by many labo- 
ratories now/3,18,19,22^0-55/, inclusive of two 
independent groups from the Oak Ridge Na- 
tional Laboratory /56^7A The impressive work 
of Appleby et al of Texas A &M University/ 
3,18/ was carried out using a very sensitive 
"microcalorimeter" and tiny Pd cathodes of 
only 0.01 cm 3 volume. It is noteworthy that 
several groups 749,50,56,57/ have now confirmed 
the production of excess heat using "closed 
cells", wherein the electrolytic gases are recom- 
binedinsituusing a suitable catalyst, in contrast 
to the "open cells" used by many early workers 
including Reischmann and Pons- This is rele- 
vant because doubts had been raised that 
perhaps the excess heat may have arisen from 
recombination ofD 2 and 0 2 in the case of open 
cell experiments. 

The integrated energy generated during 

baseline excess heat runs is found to be as high 



as 1 GJ/cm 3 and in "heat bursts" 16 MJ/cm 3 . 
While Reischmann and Pons have conjectured 
that these phenomena jnust be a 'Volume ef- 
fect" occurring over the whole bulk o£ the cath- 
ode, Appleby et al, Bockris and othen have 
provided many strong arguments in favour of its 
being a "surface phenomenon". 

A very significant experimental finding 
regarding He 4 production in electrolytic ex- 
periments has been reported in early ^1 by Bush 
and his collaborators /58/. These investigators 
carriedput a mass spectrometric analysis of the 
effluent gases issuing from the electrolytic cell 
of Miles et al which was earlier found to be 
generating excess pnwer 755/. Rather than look 
for helium in the spent Pd rods like most other 
groups, these investigators analysed the efflu- 
ent gases. TheycoUectedtheoffgasesinSOOml 
gas flasks taldng great pains to eliminate pos- 
sible contamination by air which would have 
given rise to false heliufli Signals. For this 
purpose they flushed all flasks with "boil off 
nitrogen" for atleast 10 minutes prior to con- 
necting to the electrolytic celL They had earlier 
satisfied themselves that boil off ;N 2 did not 
contain any He 4 within the detection threshold 
of their mass spectrometer. The electrolytic 
gases collected in the flasks were first passed 
through an activated charcoal oyofUter system* 
to remove all gases except helium prior to mass 
spectrometric analysis. 

Several blanks from H 2 0 electrolysis were 
run to optimise the procedure and ensure that 
noinadvertantairleaksoccur. Their He 4 detec- 
tion limit was established to be 8x 10 11 atoms 
in the gaseous contents of a 500 ml flask. Hiis 
corresponded to an excess power of 0.14 W or 
8% of input joule power in their case. They 
observed large He 4 peaks at four different ex- 
cess power levels in the 0.22Wto0.52Wregion 
and at detection limit on two occasions when 
excess power was 0.14 W and 0.17 W respec- 
tively. Their experiments have demonstrated 
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. a clear correlation between the generation of 
excess powcsr and production of He 4 . The 
. . concentration of He 4 in the gaseous products 
1 maintained an approximate correspondence to 
the amount of excess power measured in the 
electrochemical cell They have also concluded 
that the He 4 is produced at or near the surface 
of the Pd electrode rather than deeper in the 
bulk metal and that the preponderance of He 4 
escapes along with the effluent gases* 
Significantly they found no He? in any of the 
electrolytic effluent gas samples. Ref /S8/ de- 
' tails the arguments of the au thors as to why the 
He 4 could not have come from the Pd cathode 
as prior contamination. 

3. Molten ScU Electrolysis Experiment 

At the Gold Fusion Symposium organised 
during the8th World Hydrogen Energy Confer- 
ence held in Honolulu in July 1990, tiaw et al of 
the University of Hawaii presented son e very 
spectacular excess heat measurements ob Gained 
with a molten salt electrolytic cell /59A Drawing 
upon several years of experimental experience 
at Stanford University with a similar system for 
loading hydrogen into Pd (in the context of 
hydrogen storage studies) they carried out elec- 
trolysis at temperatures of about 350 C to 400 
C with a eutectic salt comprising liCl and KC1 
in which a small amount of LiD was dissolved to 
act as the main current carrier. Since LiD 
dissociates into Li + and D\ in this cell Pd or Ti 
was deployed as anode. An electrical heating 
tape of 100 W capacity wound outside the Al 
vessel containing the electrolyte served to keep 
the salt molten. The entire set up was housed 
inside a glove box in an oxygen free dry argon 
atmosphere. Using a 0 Jg button of Pd as 
anode and a consumable Al cathode they 
measured, after several days of precharging at 
. very low currents, excess power levels as high as 
25 W for an input cell power of just 1.68 watts, 
representing a power gain by a factor of "15 
(see Table II). The excess power in this 



experiment increased near^inearly with cur- 
rent density. At three current densities in the 
range of290 to692nLAtanVthe 
episode lasted fbralmost4daysgeneratinginaU 
~5 MJ of energy (see Eg3). The experiment 
was terminated only because the LiD was ex- 
hausted in the electrolyte. The authors have 
cited the total absence of oxygen in the electro- 
lyte ("reducing environment") as the prime 
cause for its superior performance. This helps 
eliminate formation of hydrogen impeding ox- 
ide layers on the surface of the electrodes. 

The Pd button used in this experiment 
when analysed by mass spectrometry was found 
to contain 4xl0 10 atoms of He 4 , uptoMsigma 
over that in a control sample of Pd taken from 
the same stock /60/. This quantity of helium is 
about seven orders of magnitude lower than 
that expected on the basis of the 5 MJ of 
integrated excess energy produced by the 0.5g 
Pd sample. liebertet al have suggested (and it 
has now also been confirmed by Bush et al /58/ 
recently) that most efftthe He 4 produced es- 
capes from the PdD x matrix. Inspite of it the 
result is significant to the extent that it probably 
represents the first instance when He 4 has been 
found unambiguously in any electrode which 
has produced excess energy in an electrolytic 
cold fusion experiment 

The authors have also reported /59/ meas- 
uring excess heat levels of upto "100% with a 
titanium anode but there was considerable fluc- 
tuation in the excess power output even at con- 
stant current density in that experiment 

The importance of the molten salt elec- 
trolysis experiment with Pd anode lies in the 
fact that the specific excess power generated, 
namely 25W/0.5g or 50W/g is already several 
times that of the U0 2 fuel elements of an 
Atomic Power Station. Forexample for the 
Rajasthan Atomic Power Station (RAPS) v the 
specific power is 15W/g while for a Light Water 



Reactor (LWR) the corresponding value is " 20 
W/g. Since the densities of U0 2 and Pd arc 10g/ 
cm 3 and 12g/cm 3 respectively, the power den- 
sity in the Pd fuel of the molten salt cold fusion 
cell works out to 600 W/cm 3 which is 4 times the 
150 W/cm 3 of RAPS fuel or 3 times that of ah 
LWR. (If an LWR or one of the RAPS reactors 
were to be operated at 600 W/cm 3 of fuel, it 
would result in a core melt down incident!) 
Likewise the integrated energy yield of this cell 
whichwas > 1 GJ/mole of Pd, corresponds to '7 
fusion reactions per 1000 (d-d) pairs. For 
RAPS fuel the fissions per 1000 heavy atoms of 
the fuel element is also about 7 at its average 
burn up levelof 7 MWd/Kg of U0 2 . Thus even 
within3 days of operation of the molten salt cell, 
the specific nuclear reaction yield of the Pd 
anode has equalled that of a CANDU type 
nuclear power plant Had the LiD stock lasted, 
it may well have exceeded this performance. 
Needless to stress, specific energy yields of GJ/ 
mole of Pd cannot be explained on the basis of 
any non-nuclear phenomenon. All this is 
pointed out only to emphasise the fact that cold 
fusion is not to be treated as an academic curios- 
ity but deserves to be given the respect due to a 
prospective new source of energy which has 
already matched (if not exceeded) the perform- 
ance of a present day nuclear power plant! This 
remarkable experiment has been highly acclaimed 
by the cold fusion community and several ad- 
vanced institutions in the world inclusive of the 
Oak Ridge National Laboratory (USA) and 
BARC, have initiated efforts to try and repror 
duce the results, 

4. Tritium Production in Electrolysis 
Ex periments 

Right from the inception of the cold 
fusion frenzy, efforts have been underway in 
many laboratories £738,61/inciuding BARCto 
establish the nuclear origin of the phenomenon" 
in an unambiguous manner and hence an in- 
tense search was on to detect the production of 



neutrons and /or tritium from electrolytic cells, 
Texas A & M University /4/, BARC /62/, and 
Yang etal of Taiwan 753/ are some of the well 
known groups to have reported detection of 
large amounts of tritium during the electrolysis 
of D 2 0 with Pd cathodes. Many other labora- 
tories inclusive of Los Alamos /63/have also 
obtained clear cut evidence for tritium genera- 
tion but at a lower level Ref /62/ gives details 
of over 20 seperate experiments conducted at 
BARC wherein excess tritium was measured. 
Of these in 11 experiments, which includes one 
result from the Indira Gandhi Centre for Atomic 
Research (IGCAR) in Kalpakkam (see Table 
m), both neutrons and tritium were produced. 
The most interesting outcome of the BARC 
experiments is the observation that the neu- 
tron-to-tritiumyield ratio is significantly smaller 
than unity by almost 8 orders of magnitude Le. 
it is as small as 10"*. This finding has since been 
..corroborated by many other groups around the 
world/20,64,65/ and repre&Ats one of the many 
"puzzles" of the cold fusion phendme non 
(since in the (d-d) reaction it is well known that 
the branching ratio for neutron and tritium 
production is almost unity). But as this aspect 
has been well discussed in the BARCpapers / 
28,3233,62/ it will not be dwelt uppn further 
except for one important aspect, namely the 
"simultaneity" of generation of neutrons and 
tritium. Out of the 11 experiments in which 
neutrons and tritium were detected in atleast 3 
instances where frequent sampling of electro- 
lyte was resorted to it was noticed that the 
tritium level in the electrolyte jumped immedi- 
ately after detection of a neutron burst (See 
Figs. 4 & 5). Similar observations have also been 
made by at least two other groups notably San- 
chez et al of Spain /20/ (see Fig.6) and Gbzziet 
al /64/ of Italy. The importance of this will be 
appreciated if viewed in the context of the so 
called "Wolf episode" of the Summer of 1990. 

Kevin Wolf of the Cyclotron Institute of 
theTexas A &M University createda sensation 



when he claimed that he had found significant 
levels of tritium in one virgin Pd wire procured 
from the market /66,67/. It is worth noting here 
that Pd membranes are supposedly used to sep- 
erate tritium from its decay product He 3 in nudear 
weapons establishments of advanced countries 
and it is alleged that some of this recycled and 
contaminated Pd probably finds its way into the 
open market Wolf "found" 10 11 to 10 12 atoms 
of tritium in 3 samples each of 1 cm long wire 
(out of 45 such samples) taken from one lot of 
Pd received from one manufacturer namely M/ 
sHooverStrongCo. ofUSA. However this firm 
has since clarified that their manufacturing 
process is such that it is "impossible" for any 
tritium to remain in the Pd after the tortuous 
treatment to which it is subjected In any case 
Wolfs "finding" was immediately seized by the 
skeptics of cold fusion as "proof of their long 
standing "contention" that the significant quan- 
tities of tritium measured by cold fusion re- 
searchers in many different laboratories the 
world over was due to the sudden release of 
tritium present as "spot" contaminant inthePd 
electrodes /68/. Meanwhile the National Gold 
Fusion Institute of Utah has carried out a 
systematic analysis of over 40 samples of virgin 
Pd procured from three different manufactur- 
ers inclusive of M/s Hoover Strong Co. using 
a microdistillation technique which is devoid of 
chemiluminiscene interference effects and has 
found no tritium contamination whatsoever in 
any of the market samples /69/. Independently 
Storms and Talcott of Los Alamos have carried 
out an electrolysis experiment using a Pd cath- 
ode intentionally preloaded with tritium /70A 
They find that most of the contaminated tritium 
goes directly into the gas stream rather than into 
the electrolyte. In the context of Wolfs 
"finding" of tritium in virgin Pd, the simultane- 
ous generationof neutrons and tritium discussed 
earlier acquires great significance /71/. Even 
Wolf has conceded that more such simultaneous 
observations of neutrons and tritium would 
confirm the nuclear origin of tritium /66A 



Besides how can one expkiin the tritium and 
tritons (see Sees. 9 & 10) seen by several 
different groups in the gas/plasma loaded tita- 
nium samples, on the basts of contamination 
since titanium is never used for the seperation 
oft& He 3 ? Thus by the end of the Prove 
meeting of October 1990 the "accusation" that 
contamination is the cause of tritium observa- 
tions in so many different countries has been 
virtually rejected /72A 

5. Neutron Yield Characteristics of 

Electrolytic Cells 

Jones and his collaborators were the first to 
report 121 a steady but low rate of neutron . 
production durkg the electrolysis of D 2 0 using 
li(orPd) cathodes. They measured the energy 
of these neutrons to be close to 245 MeV and 
inferred therefrom that (d-d) reactions occur 
within the ceD, presumabfyiitor on the surface 
of the cathodes. Thdr-pq>eriments=yielded air 
estimate for the absolute magnitude pf (d-d) 
reaction rate to be in the range of 10" 23 to 1& 20 
fusions/d-pair/s I2J. Other groups who have 
since observed similar low level ("Jones level" 
as it has come to be called now) steady neutron 
yield are from Italy 773,74/, Argentina 1751, 
USSR/76/and Japan/77/. The Argentine group 
carried out their experiment in a submarine 
(non-nuclear) 50 m under the sea, in order to 
reduce their background neutron count rate to a 
level as low as 0.001 cps /75/. As noted already, 
many other groups at BARC £3,62/ and else- 
where /20,21,78-8Q/ have however observed 
neutron production in the form of bursts (see 
Figs 4,5 & 6) rather than as a steady output In 
these experiments the burst neutron production 
phase was found to last for a period ranging from 
a few minutes to several hours and at times even 
for several days, altogether stopping thereafter. 
Table IE indicates the duration of the "active 
life" of the neutron production phase of the 
BARC cells. 
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Several researchers have observed that lasted between 30 min to 40 hr f the maximum 

pulsing the cell current between a high and a number of neutrons produced being as high as : 

low value improves the chances of neutron pro- lO 1 ^ per event From their experiments Arata 

duction. Interestingly atleast two groups have and Zhang have concluded that the secret of 

reported observing . neutrons 'from a Pd-DjO success of neutron production in electrolysis of 

cell after the cell current was switched off / D2O is use of a massive Pd cathode (20mmdia 

33,81/. These observations indicate that crea- x 50 mm long) rather than Pd rods of a few mm 

tipn ofsome sort of non-equilibrium condition diameter recommended by Fleischmann et al 

within the cathode helps induce the occurrence for obtaining excess heat 
of nuclear reactions. 



Arata and Zhang of Osaka have pursued 
this approach further and have discovered an 
intense w on-off effect" during the electrolysis of 
D2O using a large (20 mm dia x 50 mm long) 
Pd cathode which resulted in the generation of 
intenseburstsofneutrons^2/. Theyhaveshown 
that their a on-off effect" is tens of times stronger 
than the weak on-off effect inducedby. current 
pulsing mentioned earlier. They have exploited 
the temperature-loadingcharacteristics ofPdD x 
and the high mobility of the deuterium in thePd 
lattice, to make the Pd cathode to absorb and 
exhaust deuterium in a controlled manner. The 
essence of their argument is brought out by the 
hysterisis curve characterising deuterium ab- 
sorptiori/desorption with temperature of the Pd 
sample (See Fig.7). They have argued that this 
property, coupled with the fact that deuterium 
absbrptibn in Pd is exhothennic while desorp- 
tionis endothermic is what is responsible for the 
w oil-off effect". By raising the temperature of 
the water bath in which their electrolytic cell 
^ immersed to levels close-to 90 C they ob- 
served that the Pd cathode temperature started 
oscillating on its own between 80 C and 110 C 
with a period of approximately 10 to 20 mins. 
In one experiment the phenomenon occurred 
50 times during a 20 hr period. This behaviour 
caused the rapid movement of deuterium into 
and out of the lattice leading to the occurrence 
of (d-d) nuclear reactions. Over 10 intense 
- neutron bursts \ (or "avalanches") occurred 
during one such month long experiment /B2A 
The authors have reported that each avalanche 



6. Observation of a 4 to 6 MeVEnergy 
Neutron Component in Electrolysis * 

As noted eai!?er Jones ct al 121 were the 
first to establish that the neutrons emitted in 
cold fusion cells had an energy corresponding to 
145 MeV, thereby giving the first clue that (d- 
d) reactions are the source of iiese neutrons. 
Many other groups have since independently 
measured and confirmed tl&tftheenergy of cold 
fusion neutrons is indeed 2.45 MeV /67,74,77A 

Recently Akito Takahashi and his col- 
laborators of Osaka University have obtained 
clear cut evidence for the presence of a 4 to 6 
MeV energy neutron component besides the 
2.45 Mev neutron peak in an electrolysis experi- 
ment (See FigS) 183/. They have cited this as 
proof of occurrence of the 3 bodyreaction 
3D -»d + a + 23.8 MeV, using the ^excitation- 
screening model" developed by Takahashi. 
According to his explanation the 15.9 MeV 
deut^rons released in such 3D reactions will 
give rise to neutrons in the 3 to 7 MeV region 
during their slowing down in the PdDj lattice. 
Takahashi admits that at a time when physicists 
find it difficult to accept the occurrence of even 
2-bcSdy (d-d) fusionreactions insolids, conceiv- 
ing of 3D fusion reactions postulated by him is 
an understandably arduous task. 

It is noteworthy in this context that Iazzi 
et al of Torino (Italy) /84/have also obtained 
results &omD2 gas loaded Ti shavings esperi- 



ments (seeSec.9) which indicate the presence 
of a 6 to 7 Mev energy neutron component 
besides the 245 MeV peak. 

"*.»*." 

7. Charged Particles in Electrolysis 
Experiments 

Taniguchi et al of Osaka have carried out 
an electrolysis experiment with a 10 urn thick 
copper foD coated with Pd which formed the 
cathodic base of their cell (LiOD or LiQ + 
D 2 Osolution, Au anode) /B5A Below the cath- 
ode fofl was a surface barrier detector. In 6 runs 
out of 23 they measured charged particles of 
energy less than 21 MeV energy after a charg- 
ing time of several hours to a few days. The 
charged particle counts continued for several 
days at times (See Fig.9). They have argued 
that 3 MeV protons produced in (d-d) reactions 
while passing through the 10 urn thick Cu-Pd 
fofl will emerge with an energy ; less than or 
equal to 21 MeV, while 1 MeV tritons or 0.82 
MeV He 3 if any are present will not be able to 
penetrate the full thickness of the cathode foiL 

8. Evidence of X-rays in Electrolysis 

' Stan Szpak of the Naval Underwater 
Systems Centre at San Diego (California) has 
carried out a very interesting experiment which 
demonstrates that low energy X-rays are gener- 
ated at the Pd cathode during electrolysis of 
D 2 0 /86/. He used a Ni mesh cathode and a Pt 
anode. The electrolyte was 0.05M PdQ 2 + 
03M LiCl. Very close to the Ni mesh was a 
Polaroid film sealed in a light tight and water 
tight packing. After several hours of electroly- 
sis the film on developing showed an impres- 
sive chequered pattern identical in image to the 
Ni-mesh. Presumably in the initial stages of 
electrolysis Pd gets deposited on the Ni mesh 
and in later stages gets loaded with deuterium 
v which eventually supports anomalous nucfear 
reactions resulting in the generation of low energy 
X-rays. 
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' * Ref f58/ reports that Milei and his co- 
workers have also observed significant fogging 
of dental X-ray films positioned near the 
outer surfaces of two operating D 2 0-LiOD 
electrolytic cells. An HjO-IiQH cell did not 
cause similar fogging. 

9. Burst Neutron Emission From Gas 
Loaded Titanium Turnings 

At least a dozen independent groups / 
17,23,73,84,87-92/ have so far carried out such 
experiments successfully involving the loading 
of deuterium gas into Ti lathe turnings (or 
chips) contained in a deuteriding bottle follow- 
ing high temperature (200 to 800 C) degassing 
under vacuum. This technique which was first j 
suggested by Scaramuzziof Frascati /23/ . has 
since been substantially improved by the Los 
Alamos A7/and Brigham Young University f8tf t 
teams. The novel feature of these experiments 
is the use of liquid nitrogen (LN) to subject the 
TID x chips to repeated coqjing -warm up cycles. 
A high efficient neutron detector system com- 
prising a large number of He 3 or BF 3 neutron 
detectors embedded in a hydrogenous modera- 
tor is employed to measure neutron output. It 
has been observed consistently by aU the twelve 
groups that neutrons are invariably produced 
during the warm-up phase following a cooling 
cycle when the temperature of the chips is in the 
sub-zero range (-60°C to 0°C) (See Fig.10). 
From the known efficiency of neutron detec- 
tion it has been established that between 30 to 
300 neutrons are typically produced in each 
burst from the bottle as a whole. One or two 
groups have made preliminary measurements of 
tritium generation in such experiments by de- 
gassing and recombining the extracted deuterium 
gas back into D 2 0 and analysing it for tritium 
content. Zelenskyet al ofKharkqv/92/ appear 
to have independently developed and demon- 
strated this method as early as in April 1989 with 
the difference that they used an fon-implanta- 
tion technique to load deuterium into metallic 



titanium samples. Zelensky et aJ who moni- ' 
tored neutron output while steadfly increasing 
(1 to 3 CVs) the sample temperature observed 
aveiyinterestingdoubtepeak, oneat-30Cand 
a second at 600 C (See Fig. 11). 

Similar deuterated chips experiments 
have also been carried out by us at BARC 
recently /93f with the variation that the TiD x 
chips were as such dropped into a canister 
containing liquid nitrogen.. We measured the 
tritium production by directly counting the LN 
treated chips usingbeta and X-ray detectors. In 
earlier BARCstudies /94/it was shown that the 
183 KeV (maximum energy) beta particles re- 
leased during the decay of tritium (123 yr half 
life)excitestheK-alpha (4.5 KeV) and K- beta 
(4.9 KeV) characteristic X-rays of titanium and 
lias serves as an excellent tool to detect the 
presence of tritium . The BARC groups have 
also pioneered the use of the technique of au- 
toradiography for studying cold fusion targets. 
Using these techniques it was found that < 1 % 
of the several thousand TED X chips treated in 
LN had generated MBq levels of tritium. The 
main outcome of this work is the finding that not 
only is the anomalous fusion reactions found to 
take place in only a very few chips, even in those 
chips its production is restricted to a small number 
of selected localised 4< hot spots" only (See Eg.12) 
£9,93/. 

10. Charged Particles from Gas Loaded 
. Titanium Foils 

Ed Cecil from the Colorado School of 
Mines has been successful in measuring the 
emission of charged particle bursts from deu- 
terium loaded thin titanium foils which were 
subjected to liquid nitrogen cooling - warm up 
cycles J95L The foils (0.1 mm thick) were pre- 
pared on a lathe using a broad cutting tool ( > 10 
. mm wide) much like the shavings obtained while 
sharpening an ordinary lead pencil The shav- 
ings were vacuum aonealed for 2 hours at 700 C 



andk>adedwithD 2 gas (2atm, 1 hr). They were 
then gently flattened out and clamped onto an 
SS backing using a ring type washer such that a 
surface barrier detector could view the central 
part of the foil for measuring charged particle 
emissions. The SS holder in turn was mounted 
on a copper cold finger in such a manner that 
the temperature of the foil could be cycled 
between-180C(LN)and + 20 C Cecil's group 
observed bursts of high energy events spanning 
the 2 to 5 MeV band When a 132 urn thick AI 
foil was used to cover one half of the surface 
barrier detector, pulse height decreased as ex- 
pected resultingin a double peakbeing seen. 12 
samples out of 26 jave bursts; there were in all 
24 bursts in 56 days. The burst duration varied 
from 1 to 100 mins (See Fig.13). Most of the 
bursts were observed 6 to 10 hours after removal 
of IN cooling. No such bursts were observed 
with hydrogen loaded foils. Species identifica- 
tion plots indicated that the'bbserved charged 
particles were most probably tritons. The pres- 
ent experiments are a continuation of the preli- 
mary work reported by Cecil et al 1961 at the 
Santa Fe meeting. In the earlier studies they 
had used an ion implantation method to load 
deuterium. They have also attempted to deter- 
mine if passage of a current along the length of 
the deuterated foil would have any beneficial 
effect on charged particle emission; so far they 
have not been able to establish conclusively that 
a definite correlation exists between these. The 
results of Cecil's triton measurements compli- 
ment the neutron and tritium measurements on 
deuterated titanium samples described in the 
last section. 

11. Char^Partides from Im Beam 
Ti Foils 

George Chambers and others of the Naval 

- * Research Laboratory of Washington D.C, have 

reported /97/ the detection of 5 MeV triton 
.bursts from 1 urn and 3.8 urn thick H foils 

- bombarded with 300 evehergydeuteron beams 



in a vacuum chamber, lliey used an ECR type . 
ionsource. Only virgin^ foils gave results,^ 
ix> about 30% of the time! Ihey never ob- 
tained results with either Pd foils or with 
predeuterated titanium Le. TiD z samples. When 
the bias to the charged particle detector was 
turned off, the pulse height dropped to 3 JS MeV 
as expected (due to decrease of effective deple- 
tion layer thickness in the detector), Themost 
mteresting part of their results is that the charged 
particles were of 5 MeV monochromatic en- 
ergy, dearly ruling out (d-d) reactions as the 
source of these tritons, since in a (d-d) reaction 
one expects either a O.SMeV He 3 nucleus or a 1 
MeVtritonora3MeVproton. SMeVtritons 
can however be explained on the basis of 3D 
reactions, surprisingly in conformity with the 
condusions of Takahashi based on the 4 to 6 
MeV energy neutron component observed by 
him in D 2 0 electrolytic cell experiments dis- 
cussed in Sec.6 of this paper. 

12. Precursor to Charged Particle Emission 

A 14 member multi-institute team from 
Beijing led by X.Z. Li of Tsinghua University 
has reported /98/ observation of precursor emis- 
sionin the form of some electromagnetic radia- 
tion, presumably in the UV to soft X-ray region, 
prior to the production of charged particles 
from a D 2 gas loaded Pd foil. They used CaF 2 
TLD detectors for the soft X-ray detection and 
CR-39 track detectors (SSNTD) for register- 
ing charged particles. The CR-39 detector on 
chemically etching showed clusters of charged 
particle tracks at many locations. They found 
that H 2 loading also gave TLD signals but no 
charged particle tracks giving credence to their 
suspicion that "electromagnetic radiation might 
originate from electrons which are transiting 
from state to state when palladium are filled 
with hydrogen or deuterium". They have 
further conjectured that "these photons must 
be in the 10 eV to 3 KeV region since the 



electron should approach to ]an orbit simflar to 
that of Muons in order to scteen the coutomb 
barrier effectively" /86/. One of the interesting 
findings reported by them is that Pd samples 
cleaned with acqua regia never gave any charged 
particles. Subsequent Auger Electron Scan- 
ning Probe analysis indicated that these Pd 
samples had significant quantities of chlorine 
on their surface. The inhibiting role of chlorine 
in suppressing the generation of charged par- 
ticles is not yet understood. (This reviewer has 
learnt that these experiments have since been 
successfully repeated by two separate groups at 
the Brigham Young University recently /99/.) 

13. SettfS*''*' ir^Fjjimmtsifljm'Ala^ 

daytor et al of Los Alamos have contin- 
ued to develop their "solid state cell" 725/ 
concept which they first reported at the NS?/ 
EPRI Workshop of Oct *89y27/. Inthesecells a 
packed bed of. alternate layers of Pd and Si 
powder is mounted between apairof dectrode 
plates (See Fig.14) in a^essurised (8bar) D 2 
gps atmosphere and an intermittent current passed 
through this solidstate cell by application of a 
pulsed high voltage (1.2 to 25 Kv, 100 pulses, 
pulse width > 150 us). 8 out of 30 cells have so 
far produced excess tritium (greater than 3 
sigma above background levels). At least one 
cell (cell # 2) produced both neutrons and 
tritium (6 MBq), the neutron-to-tritium yield 
ratio being 3xl0" 9 . At the Provo meeting 
Claytor reported that since the last few months, 
they have been investigating the use of Pd metal 
foils (Johnson and Matthey) in place of Pd 
powder and this has considerably improved the 
reproducibility of results. The tritium activity, 
as measured in the gas stream, is now "reproduc- 
ible" being on the average ~20 Bq/hr. 

14 Nirutron Production in a Pd Surface 
Barrier Plate 

Yamaguchi and Nishioka of NTTlabora- 
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tones, Tokyo have demonstrated a novel tech-,, 
nique for inducing anomalous nuclear effects in 
a Pd surface barrier device 7100/. This tech- 
nique which is based on Metal Insulated Semi- 
conductor concept uses a thin MnO film 
deposited on one face of a deuterium loaded Pd 
plate, thereby providing a surface barrier for 
ionic transport of deuterons. The other face of 
the Pd plate is coated with a thin impervious film 
of gold to prevent the escape of deuterium. 
When a vacuum is suddenly created in the cham- 
ber in which the device is mounted, rapid but 
transport of deuterons takes place resulting in 
the accumulation of deuterons at the junction 
ofPd and MnO. This sudden entrapment of 
deuterons results in a big burst of > 10 6 
neutrons, accompanied by explosive release of 
gas, biaxial bending of the Pd plate following 
plastic deformation, besides considerable heat 
evolulioa The temp< rature is estimated to 
cross 800 C momentarily due to rapid phase 
change near the surface bordering MnO. All 
the phenomena except neutron output are 
however observed with hydrogen loading also 
indicating that the heat release is due to non- 
nuclear causes. These investigators were able 
to induce a neutron burst from the same Pd 
sample a few times consecutively by redeuter- 
ating the sample again after each burst followed 
by rapid outgassing (See Fig. 15). 

Note the similarity of this approach to the 
"on^off effect" reported by Arata and Zhang/ 
82/ (Sec5). While Arata & Zhang have used 
temperature change to create explosive desorp- 
tion of Yamaguchi et al have used a rapid 
pressure release to attain the same result 

25. Neutron Emission from a D 2 Gas 
Discharge Tube with Pd Electrodes 

Wada and Nishizawa of Nagoya Univer- 
sity have carried out a simple gas discharge ex- 
periment with a pair of Pd electrodes (2 mm dia 
x35 mm long each) /101/. The electrodes which 



were mounted on copper stems inside a 300.ml 
glass bulb (See Fig. 16) were first activated by 
the application of 12 Kv, 60 Hz AC voltage 
under vacuum (10" 5 bar). The bulb was then 
filled with D 2 gas at 1 bar pressure. The 
absorption of the gas by the activated Pd was 
ineasuredby thedrop in pressure (See Figl6a). 
About 55 hours later when the pressure had 
attained asteady value the Pd rods were "stimu- 
lated" by creating a HV discharge once again. 
(The time duration for which the HV was ap- 
plied is not given in their paper.) A large burst 
of 10 5 ~ 10 6 neutrons was observed over a 
period of 63 seconds. This was followed there- 
after by several smaller bursts intermittently 
over the next 50 hr period Wada et al have 
attributed the occurrence of these spontaneous 
neutron bursts to a "breathing" process akin to 
the on-ofF effect of Arata & Zhang described 
earlier. A second HV discharge stimulation at 
95 hours from the commencement of the ex- 
periment resulted in yet another neutron burst 
as may be seen in Fig. 16b. Two more such 
neutron bursts were observed subsequently 
following HV stimulation but their peak values 
were weaker. Interestingly the used Pd rods 
never showed neutron emission again although 
they did soak up considerable amounts of deu- 
terium following "activation". Similar experi- 
ments with H 2 gas did not yield neutrons 
eventhough the absorption characteristics of 
H 2 in Pd were noted to be similar. 

Y. Kim of Purdue University has recently 
analysed /102/ this experiment and pointed out 
7 that the neutron emission here could be ex- 
* : ' plained on the basis of a conventional beam 
target process. Measurement of the tritium 
*• ' yield in such experiments may give a clue as to 
■ whether or not "cold fusion" is taking place. 

16. First Observation of Neutron Emission 
from Chemical Reactions 

Arzhannikov et al of the Institute of 



Nuclear Physics in Novosibirsk have reported / 
103/ the generation of neutrons during the 
reaction of UD crystals with D 2 O/104/as well 
as during certain oxidation-reduction reactions 
of complex deuterized salts of Pd and Pt such as 
PdCNDj^Cj and (ND^fPtCy with Zn 1105/. 
In the former experiment about 30 gofD 2 0 was 
placed in a test tube and UD crystals 03 mm to 
4 mm insizeweredropped into the test tube one 
at a time. The reaction of LiD with D 2 0 being 
exhothennic the temperature of the test tube 
increased to about 80 C Neutron production 
was observed during this phase as evident from 
the lower figure in Fig.17, and corresponded to 
a few tens of neutrons per gram of deuterized 
matter. It is noteworthy that neutron emission 
was observed only during reactions with deuter- 
ized salts of these metals; no neutrons were 
detected when the hydrogen version of these 
salts were used (See upper part of Eg.17). 
Arzhannikov et al have not attempted to pro- 
vide any theoretical ^xplanatioi for the origin of 
these neutrons. 

17. Ouster Impact Fusion 

Beuhler et al /106/ of the Brookhaven 
National Laboratory discovered that nano- 
ampere beams of singly ionized clusters of D 2 0 
ice crystals carrying energies of 200 to 325 Kev 
each, corresponding to 10 to 1000 ev per deu- 
teron, when impinged on deuterated targets 
such as TiD, ZrD : & and CD 2 produced an 
anomalously high yield of (d-d) reactions. No 
reactions were observed either with.H 2 0 clus- 
ters impinging on TiD nor with D 2 0 clusters 
bombarded on TiH targets. The fusion rate 
with D 2 0 on TiDwas maximum when the number 
of D 2 6 molecules per cluster was about 100, 
and corresponded to 0.1 reactions /s/d-pair . 
This implies a discrepancy by a factor of over 
10 10 with respect to expected rates based on 
known low energy (d-d) reaction cross sections 
in the incident deuteron energy range of a few 
hundred ev. This experiment was immediately 



interpreted by physicists as implying that (d-d) 
cross sections in the low energy range was per- 
1 haps much higher than accepted hitherto. 
However more detailed analysis of the experi- 
ment carried out by Echeniqucetal/107/, Y.C 
Cheng et al /108/ and Rabinowitz etal/109/, 
modelling the phenomena occurring from the 
instant the D 2 0 cluster impacts the target, prop- 
erly accounting for the enhanced maxwellian 
tail that results following energy sharing be- 
tween the target and cluster atoms involved, 
have brought out the important role of heavy 
atoms such as O in P 2 0 and Ti, Zr or Cin the 
target in the dynamical processes occurring 
immediately following the impact These 
computations have however used only the pres- 
ently accepted (d-d) cross section data. Thus it 
appears that tb~ phenomenon of cluster im- 
pact fusion which has also been labelled as 
"lukewarom fusion", may have no direct 
relavance to cold fusion after all, although it has 
certainly helped bridge the gap between hot and 
coldfusion/110/. 



Almost from the beginning of the cold fu- 
sion "era", it has been conjectured that the 
reported neutron emission (See Sees. 4 & 9) 
could be explained on the basis of what has 
come to be known as "fracto-fusion", namely 
(d-d) reactions caused by deuterons acceler- 
ated by the high electric field generated 
between opposite faces of an internal fracture 
in the deuterated metal matrix /ll 1,1 12/. It is 
well known from the exhaustive studies of Dick- 
inson et al /113/that transient electric fields of 
more than 15 KV/fcm are generated across cieaved 
surfaces of ionic crystals or fractured insulators. 
In fact Klyuev et al of USSR carried out an 
experiment /114/ as early as in 1986 to specifi- 
cally verify the possibility of neutron emission 
through such a mechanism by impacting a 
"striker" of 50 g mass accelerated to ayelocityof 
200 m/s on an LiD single crystal target. They 



18. Fracto-fusion 



detected on an average 10 neutrons/shot in a 75 
shot experiment In the case of hydrides cfPd 
and Tl also it is well known that large cracks and 
fissures are formed following a high degree of 
hydrogen (or deuterium) loading; in them. Cohen 
and Davies /115/ have computed the electric 
potential that may be expected to be generated 
when a crack is initiated and "propagates*' in 
PdD x or TiD x and show that the observed neu- 
tron bursts, particularly in the Frascati type 
experiments involving the thermal cycling of 
TiD x chips in liquid nitrogen, can indeed be 
explained by such a fracto-fusion mechanism. In 
fact many experimenters have detected the 
occurrence of such fractures by means ofpiezo 
electric acoustic sensors A 16/. But so far no 
clear cut correlation has been established be- 
tween acoustic pulses and neutron bursts. 

In a beam-target type neutron productioi 
process relevant to fracto-fusion however one 
expects the neutron and tritium yielding branches 
to have near equal probability and hence the 
anomalously low ("10" 8 ) neutron-to-tritium yield 
ratio observed in some experiments is inconsis- 
tent with the fracto-fusion postulate. Besides it 
also appears to be difficult to reconcile fracto- 
fusion with the highly localised production of 
large amounts of tritium (10 12 to 10 u atoms) in 
certain site specific hot spots observed in a few 
TiD x chips only out of several thousand chips / 
93/. In this context it may be of interest to point 
out that this author and his colleagues have 
speculated that perhaps the neutron bursts and 
tritium hot spots may be the result of some sort 
of cascade reaction or micronuclear explosion 
y89/. Experiments are currently underway in 
several laboratories of theworld to conclusively 
establish whether in the TiD x chips experiments 
the neutron bursts and tritium hot spots are 
correlated at all, and also whether the (n/t) yield 
ratio is unity or really as small as 10" 8 , and thus 
settle the question as to whether fracto-fusion 
or microexplosion or some other mechanism is 
the root cause of nuclear reactions in these 



experiments. 

19. Indication of Anomalous Enrichment of 
Pd 106 During Electrolysis 

Rolison and 'O' Grady of the Naval 
Research Laboratory, Washington D.G reported 
/ll 7/ some preliminary but startling results at 
the NSF/EPRI meeting of October /89 fill on 
their probable detection of a change in the iso- 
topic composition of the Pd in the near surface 
layers of two Pd cathodes electrolysed in D 2 C). 
Their very careful and painstaking massspectro- 
metric analysis carried out using a sophisticated 
Time of Eight -Secondary Ion Mass Spectrome- 
ter (TOF- SIMS) had indicated that two D 2 0 
electrolysed Pd samples exhibited a greater 
than 20% enrichment in the intensity of the m/Z 
= 106 peak with a corresponding decrement in 
m/Z = 105 intensity, whereas both a control Pd 
sample as well as one electrolysed in H 2 0 
corresponded only to natural Pd isotopic com- 
position. This result created great excitement 
among physicists as it implied the possible in- 
volvement of Pd nuclei in the anomalous nu- 
clear phenomena associated with cold fusion. 
Specifically it suggested the possible occur- 
/ rence of direct neutron transfer reactions 
I between deuterons and Pd 105 resulting in the 
| formation of Pd 106 . 

At the Salt Lake City cold fusion meeting 
of March 1990, Rolison et ai presented a 
summary of their further investigations /1 18/ 
which indicated the possibility of existence of 
some experimental artifacts which could have 
contributed to some errors in their previous 
conclusions. They found that presence oftragf 
levels of ZrO (Zirconium oxide) species as a 

t jpirfy^rnn taffllimi t'iil U(3I> derived Fdsamples 
could have given rise to an m/Z signal in the 
same region as that of Pd 106 . But their U£0 4 
derived Pd samples were found to be Zr free. 
- "After an involved and very exhaustive experi- 
mental campaign and after eliminating or 



accounting foratt other possible sources of error 
they concluded /118/ that "a relative enrich- 
ment at m/Z of 106 that cannot be attributed to 
heretofore identified plausible chemical inter* 
ferents still exists", thereby keeping the door 
oporto the possibility that cold fusion may still 
encompass nuclear reactions involving Pd and 
perhaps Li nuclei as weL In particular there 
has been considerable speculation that the well 
* known reaction between Li 6 and d leading to 
twoalpha particles plus 213 MeV of energy may 
be occurring on the surface of Pd cathodes 
during the excess heat experiments of Fleisch- 
mann et al and some others. But to be fair, all 
talk of any nuclear reactions occurring in the 
electrolytic cells involving particles other than 
deuterons can only be treated as "speculation" 
for th^ present 

2(h lUmarksonthePoorReprodudbility^f 
Results 

One of the unique features of cold fusion 
experiments and possibly the main reason for 
this phenomenon to be looked upon with con- 
siderable degree of skepticism /119/ by the sci- 
entific community in general is the poor repro- 
. ducibOity of the experimental results. During 
the crucial months immediately following the 
Erst announcement by Fleischman and Pons 
there was a scramble the world over to replicate 
the apparently simple "battery and bottle" elec- 
trolysis experiment. After weeks and months 
of patient experimentation however many 
experienced research groups failed to obtain 
my positive evidence for the claimed phenom^ 
ena. They neither found excess heat nor neu- 
trons, tritium or gamma rays A20-134/. Some 
ccperiments that wretafloied to look for charged 
particles also failed to give any positive results 
/123,134A By December 1989 there were 
perhaps more experimental papers with "nega- 
tive results" published on the topic of cold 
fusbn than those with "positive results" However 
as of the present writing the situation has fully 



..reversed, following the appearance of a large 
number of papers with positive results during 
1990 as described already. The persistent 
efforts of many dedicated experimentalists 
appears to have turned the trend and the 
reproducibility has begun to improve signifi- 
cantly, as ibaybe seen for example from the title 
of one of the recent papers from Los Alamos 
namely, •'Reproducible Neutron Eniission 
Measurements From Ti Metal in Pressurised D 2 
Gas"A35A 

21. Summary of Experimentd ^ . 

In the two year period since the appear- 
ance of the first reports of cold fusion, it is 
obvious that the authenticity of the phenome- 
non, namely occurrence of "anomalous nuclear 
reactions in solid-deuterium systems" has been 
established beyond doubt, although admittedly 
the phenomenon is still "sporadic" in nature 
and ndt yfct reproducible at will. . The main 
findings of the cold fusion experiments todate 
may be summarised as follows:. 

(i) The production of excess heat in D 2 0 
electrolysis with Pa (or Ti) electrodes has been 
fully confirmed. The steafly state or baseline 
"excess heat is found to increase n^th current 
densityandistypicallynotmore thanabouf 

of the input joule heat in the case of D 2 ^ 
electrolysis with Pd cathodes. The maximum 
'excess power observed so far is ~100W/cm 3 of 
Pd. (This translates to "10 14 fusion reactions/ 
s/cm 3 or -10- 9 fusions/s/d-pair). The integrated 
energy yield has been over 50 MJ/cm 3 . How- 
ever during the sporadic heat bunts (observed 
only by a few groups so far) peak power levels 
have been 20 to 30 times the input power. In 
molten salt electrolysis with Pd anodes the ex- 
cess power has been as high as 15 times the 
input electrolyticpowerformorethanaday at a 

specific power of 0.6 Kw/cm 3 . 

(ii) He 4 has been detected by mass spectromet- 



-16 



ric analysis in the electrolytic gases of Miles 
.experiment 755,58/ as well as in the 0.5 g Pd 
button which generated 5MJofenergyinthe 
molten salt experiment While the quantum of 
He 4 measured in the gas stream was substantial 
that in the Pd button was still much below that 
expected from the magnitude of the integrated 
excess heat These results point to the genera- 
tion of He 4 on the surface of Pd rather in the 
bulk matrix. 

(iii) Neutrons have been measured both in 
electrolysis and gas loaded targets. They appear 
at a very low (1& 20 to IQr 23 neutrons/s/d-pair) 
steady state level ("Jones level") a few sigma 
above background count rates or in the form of 
bursts lasting from microseconds to minutes to 
even hours at times. Neutron multiplicity and 
statistical analysts measurements indicate that 
neutron emission has both a singles component, 
following Poisson distribution (one neutron 
emitted at a time) as well as bunches of several 
hundred neutrons y79,80,13^. Several .groups 
have measured the neutron energy to be 2.45 
MeV. However atleast two groups have re- 
ported observing an additional 4 to 6 MeV 
component Surprisingly no group has detected 
any 14 MeV neutrons so far. 

(iv) The production of tritium both in elec- 
trolytic and gas loading experiments stands con- 
firmed. The suspicion that tritium seen in cold 
fusion experiments is due to prior contamina- 
tion of Pd has been ruled out by the fact that in 
several experiments neutrons and tritium were 
generated "concomitantly". 

(v) The neutron-to-tritium yield ratio ap- 
pears to be very small; it is mostly m lQr s 
although in some cases values as "large" as 10" 3 
have been reported 

i • • . 

(vi) Charged particles with energies varying 
from < 1 MeV upto several MeV have been 
observed in many experiments. One group has 



reported measuring monochromatic tritonsof 5 
MeV energy from deuterium gas loaded tita- 
nium samples. (It may appear to be difficult 
to reconcile this last observation with the non- 
observation of 14MeV neutrons by any groupso 
Car, but it must be appreciated that the 14 MeV 
neutron production rate in Cecil's experiments 
for example would have been hardly 1 neutron 
perhourasitwotddbeoiilylO" 5 timesthe tritori 
generation rate; It is impossible to detect such a 
low neutron production rate in experiments.) 

(vii) Soft X-rays have been detected from Pd 
in a D 2 0 electrolysis experiment through radio- 
graphic imaging of oie cathode. 

(viii) Acoustic signals have been measured 
both mFd-elecirolysis experiments as well as Ti 
gas loadei tarpls. 

(ix) Electromagnetic sigpals (radio emis- 
sion) have been picked up in electrolytic ex- 
periments using a Rogowsky coiL 

This plethora of experimental evidence 
obtained using a veriety of experimental tech- 
niques points to the occurrence of many differ- 
ent nuclear reactions, induced by deuterons. 

For the benefit of potential new entrants 
to the field of cold fusion who wish to try their 
"luck" in carrying out similar investigations this 
reviewer has summarised in the Appendix the 
various steps involved in conducting such 
experiments as he perceives it 

22. "Puzzles" of the Cold Fusion 
- Phenomenon 

The experimental findings listed above 
can be condensed in the form of a series .of _ 
"puzzles" that any theoretical model which 
seeks to explain cold Eusion phenomena should 

account for. - ■;. 



-a) j:The first puzzle is the very occurrence of - 
nuclear reactions in a solid atomic lattice at 
near-ambient temperatures. It is believed that 
the free electrons and deuterons in the metal 
lattice play a crucial role in screening and lower- 
ing the coulomb barrier and help increase tun- 
nelling probability. 

b) The second important puzzle is the 
several orders of magnitude mismatch between 
experimentally observed excess power/heat and 
neutron or tritium yields. This clearly indicates 
that excess heat in electrolysis is definitely not 
due to simple (d-d) reactions which would have 
given rise to copious levels of neutron or tritium 
production. It was recognised right from the 
inception that "excess power levels in the watt 
range for example, would imply production of 
more than I0 l2 nfc and this would have resulted 
in lethfcl levels of radiation doses to the experi- 
menter- Hence excess heat, if indeed of nu- 
clear c rigin, has to be due to some other 
nuclear reaction in which the product is a non- 
radioactive charged particle. For example a 2 
body (di-d) reaction leading to He 4 has been 
postulated as the most probable candidate for 
this, although a (Li 6 + d) reaction leading to 
two He* nuclei is also a possibility. Two recent 
experiments /58,60/ have provided the first 
"confirmation" that He 4 is indeed being pro- 
duced in electrolytic cells wherein excess heat is 
measured 

c) The third puzzle needing explanation is 
•the experimentally observed correlation between 
current density and excess power both in D 2 0 
electrolysis and moltensalt electrolysis. In other 
words the precise role or influence erf the "electro- 
chemical compression process" (or the so called 
fugacity) on the fusion reaction rate needs to 
be understood. A "sub puzzle" in this context is 
the reason for the inordinate delay between 
commencement of electrolysis and commence- 
ment of excess heat which needs justification. 
Among the various models put forward to 



; r .address this question, the Transmission Reso- 
• nance Model (TRM) of Bush 7137/ appears to 
be the most successful so Ear. 

t" . . 

d) The fourth puzzle is the fact that no tell 
tale high energy X-rays which would give a sig- 
nature of energetic charged particle generation 
has been measured so far although very softX- 
rays which cannot escape from the cell but 
barely escape the Pd cathode have been indi- 
rectly detect through fogging of X-ray film / 
58,86/. This could imply that no high ienergy 
fusion products are released during these 
nuclear reactions. The common explanation 
offered fortius is the postulate that the energy 
released in the nuclear reaction is somehow 
directly absorbed by the lattice (as phonons) / 
138/ or electromagnetically transferred to the 
electrons akin to an internal conversion proc- 
ess. Walling and Simons A39/ have attributed 
this to "radiationless relaxation (RR)" of the 
transient excited He 4 . 

e) Although the excess heat phenomenon is 
obviously not due to simple (d-d) reactions, the 
very fact that " 2.45 Mev neiutrons have been 
measured in a variety of experiments, indicates 
(d-d) reactions do nevertheless occur indeuter- 
ated Pd and Ti samples. But the puzzling part 
here is why is the (n/t) ratio not unity? This 
"branching ratio anomaly" may be character- 
ised as the 5th puzzle of cold fusion. Some 
theorists have invoked a PhiUips-Oppenheimer 
type process for explaining this A39,140/. 

f) The sixth puzzle is the apparent non-gen- 
eration of 14 MeV neutrons. So far nobody has 
detected any 14 Mev neutrons in cold fusion 
experiments. The tritium generated in (d-d) 
reactions is expected as per present day "vac- 
uum nuclear physics" concepts, to have about 1 
Mev of energy, in which case it should have 
produced 14 MeV neutrons with a probability 
of 10~ 5 during the slowing down of the supra- 
thermal tritons in palladium deuteride. This puzzle 



has so far been explained by invoking the postii- ' 
late that excess energy is carried away directly by 
the metal lattice as discussed in (d) above. 

g) The 7th puzzle is the recently measured 
4-6 Mev neutron component which according 
to A Takahashi /83/suggests the occurrence of 
3 body 3D reactions. He has proposed that the 
15.9 Mev deuterons generated in 3D fusion 
gives rise to 4 to 6 MeV neutrons during its 
slowing down in PdD r The puzzle then is how 
come in 3D reactions energetic charged par- 
ticles are generated but not in 2D reactions? 

h) The 8th puzzle, if it may be called so, is 
the possible occurrence of nuclear reactions in- 
volving host metal nuclei such as the Pd nuclides 
or the Li isotopes deposited on the cathode 
surface during electrolysis. This possibility arises 
from the inconclusive but highly suggestive and 
speculative Pd tsotopic analysis results of Roli- 
sonetal A 17/ discussed in Sec.19. 

i) The 9(li and last puzzle is the poor repro- 
ducibility of the results be it in electrolytic 
experiments or gas loading experiments or 
other techniques, strongly suggesting that all 
the experimentalists are missing; an important 
and key "element" which is crucial to achieving 
"success". The question is : Is it a metallurgical 
factor, or a chemical impurity or a nuclear trig- 
ger or some other physical parameter that is 
responsible for the poor reproducibility. That is 
a puzzle yet to be solved. 

The above list of puzzles clearly indicate 
that the cold fusion phenomenon is in the words 
of Hegelstein A'38/ "»■'■■ .in direct contradiction 
to veiy basic precepts of nuclear physics.^., it 
seems that an extremely fundamental and to- 
tally unexpected change in our understanding 
of physics would be required to even begin 
accounting for the Various "miracles" that have 
been claimed Indeed this was also reflected in 
the conclusions of the final report of the US 



DOE's Cold Fusion Panel /16/ quoted in the 
Introduction to the present paper. 

23. Approaches to a Theoretical Under* 
standing of Cold Nuclear Fusion 

, A number of theoretical attempts /137- 
171/ have been made during the last couple of 
years to explain some or aD of the above "puzzles" 
Broadly speaking there appear to be three 
basic issues that ar; ; theory of cold fusion must 
address. These are : (i) How exactly does the 
host metal lattice help in increasing the fusion 
rate ihspite of the deuteron energy being appar- 
ently small (A deutwion in thermal equilibrium 
for example would have only a few tens of milli- 
electron volts of energy.) *(ii) What are the 
mechanisms, if any, by which the energy 
released in the nuclear reaction can be 
directly transferred to the host meta lattice? 
and (iii) The more genera but fundemental 
issue of what Preparata calls /141/ the problem 
of "asymptotic freedom", namely how does it 
happen that lattice interactions with their typi- 
cal time scales of 10" 16 sec" 1 and distances of 1 0" 
8 cm "tamper" with nuclear forces with typical 
times of 10~ 21 sec' 1 and distances of lOr 12 cm? 

Majority of the theoretical studies have 
addressed the first of these issues namely the 
possible methods of enhancement of fusion 
reaction probability (p r ) from a negligible value 
of about lO^Psec* 1 for a D 2 molecule in free 
space A42/ to levels in the range of 10" 9 to IQr 
^sec" 1 experimentally observed in the solid 
environment Traditionally the fusion reaction 
probability p r isexpressed as the product of two 
factors : The first factor is the barrier penetra- 
tion probability which pertains entirely to the 
electrical forces of repulsion. The second 
factor is the intrinsic nuclear reaction rate 
which refers entirely to the nuclear forces. 
Thus p r is expressed as follows: 

Pr =le-°].A 



( 
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;>..-:.^ v „: / . .v.w ;For example for the (d-d)reaction, factor : 
r ~. Aisgh^nbyPxlO-^X^^wtenEjjisinevand 
p r is in seer 1 . The first factor namely (e"°) rep- 
resents the barrier penetration probability and 
is dependent cnidaDy on the modified Gamow 

' tunnelling parameter, G. Clearly the magnitude 

ofG is significantly decreased in a solid 
environment due to charge screening and other 

~ effects leading to an enormous enhiancement of 

the tunnelling probability. 

In order to account for the fusion reaction 
rates which seem to be occuring in cold fusion 
experiments, the value of parameter G has to 
decrease from about 175 applicable to D 2 
molecules in free space to about 80 (for Jones 
level reaction rate) or -70 (for Fleischmann- 
Pons heat rates). The physical phenomena which 
havebeenconsideredasconmT)utingfactorsfor 
decreasing G are: (a) Conduction electron 
screening (b) Deuteron screening (c) Heavy 
electron concept (d) Roleofeffectfvedeuteron 
mass (e) Effect of velocity distribution of the 
deuterons and (f) Deuteron channelling effects. 

Interestingly writing under the title "Cold 
Fusion Prospects'7143/, Rand McNally Jr had 
discussed the theoretical possibility of achieve 
a reduced coulomb barrier in solid media even 
as early as in 1983. Parmenter et al /144/ have 
computed the tunnelling probability on a simple 
model considering the interacting particles to 
be composite particles comprising a bare deu- 
teron plus an associated screening cloud of 
electrons- They have adopted a Modified - 
. Thomas - Fermi - Mott equation methodology 

and derived p r values in the range of 10* 25 to 10* 
^sec* 1 . VaidyaandMayya/145/accountforthe 
combined screening effect of electrons and 
deuterons using a "Jeliium model" to obtain 
values in the range of lO^sec' 1 at 700 K to lo- 
oser 1 at 50 K. Rabinowitz/146/ finds that use 
of an effective deuteron mass of only 0.1 times 
the free deuteron mass is adequate to give fu- 
sion rates in the experimental range. 



J:.. :uReferences 147 to 156 discuss various 
screening and other mechanisms proposed to 
enhance tunnelling probability. However Leg- 
gatt and Baym 11511 have argued that if the 
effective repulsion of two deuterons is substan- 
tially weakened by solid state effects then these 
effects should also lead to a greatly increased 
binding energy of alpha particles to the metal 
which clearly is not bbrae out by experimental 
observations. Thus working within the frame- 
work of the lowest order Born-Oppenheimer 
approximation they have carried out a rigorous 
computation of the many body screening effects 
in Pd under equilibrium conditions and con- 
clude that coulomb barrier penetration cannot 
be enhanced anywhere near the rates required 
to match the experiments. They thus imply that 
non-equilibrium conditions may be important 

Dasannacharya and Rao /ISB/harc pointed 
out that in a system with large anharmonicity 
such as Palladium deuteride there could be 
short lived large energy fluctuations of a small 
number of particles resulting in large momen- 
tum transfers, 10 2 to 10* times (mKT) w . This 
could result in a few deuterons acquiring ener- 
gies as high as 50 ev, enabling thereby high 
fusion rates. Kim etal/159/ and Rice etal 7160/ 
have shown how the deuteron velocity distribu- 
tion especially an enhanced maxwellian tail can 
significantly influence fusion rates in the pre- 
sence of electron screening effects also. Using 
an essentially classical model Gryzinskii /161/ 
has propounded a quasi-molecular mechanism 
of coulomb barrier tunnelling. His theory hinges 
on the postulated presence in the PdD lattice of 
a high concentration of relatively long lived, 
compact quasi-molecular ions namely D 2 + , 
which radiatively collapse tocause fusion. Tabet 
and Tenenbanum/162/iookupon cold fusion as 
resulting from a lattice collapse leading to 
"deuteron drag" following thermodynamic in- 
stability. Lali Chatterjee /163/ has considered 
the influence of the kinetic energy available to 
the final nuclear particles in the (d-d) reaction 



on the neutron- lo-tritium branching ratio. 
Hora et al/164/ have applied a surface Rouble , 
layer model of metals with a "swimming 
electron layer" of about. 0.1 nm thickness on 
the crystal surface and computed fusion rates. 
They have accordingly predicted the possibility 
of achieving power densities in the range of Kw/ 
cm 3 using multCayered samples. 

Bush A37/has propounded a novel Trans- 
mission Resonance Model (TRM) treating the 
diffusion of deuterons in a solid lattice as a wave 
mechanics problem. Building upon an idea Grst 
outlined by Turner 7165/ Bush has shown that a 
100 % transmission condition would be satisfied 
when "an odd integral multiple of the average 
quarter - wavelengths of the deBroglie waves of 
the deuterons matches the potential well 
widths of the particles situated in the PdD x 
lattice". He then postulates that when the 
resonance (or high transmittivity) condition is 
satisfied the dicing deuterons get dose enough 
to the stationary, particles in the host lattice 
which form the potential wells (either d or Pd or 
Li), . to have a high probability of undergoing 
nuclear reactions. Eventhough Preparata /141/ 
has criticised Bush's model for not clearly spell- 
ing out how ^ exactly the barrier penetration 
probability improves when the resonance condi- 
tion is satisfied, the TRM model nevertheless 
seems to be remarkably successful in fitting the 
highly nonlinear structure of a wide base of 
experimental, calorime trie data. Fig : 18 repro- 
duced from Ref7137/ illustrates the ability of his 
model to explain the excess power results of one 
of their own experiments. 

Preparata /141/ has recently carried out a 
critical analysis of some of the more important 
theoretical papers and arrives at the conclusion 
that in the ultimate analysis one must invoke 
collective processes wherein the elementary 
components of condensed matter, namely nu- 
clei and electrons, act in a coherent fashion. 
Bressani et al /167/have shown how the barrier 



penetration problem can be tackled by consid- 
ering the! important role played by the coherent : 
interactions with the quantized electromag- 
natic field They have applied the "Quantum. 
Field Theory of Superradiance" formulated by 
Preparata /168/, to the cold fusion problems. . 

Julian Schwinger (Nobel Laurate) 11691 
has pointed out that the conventional two factor 
approach applicable under hot fusion condi- 
tions namely of seperating overall nuclear reac- 
tion rate as a barrier penetration probability 
followed by an intrinsic nuclear reaction proba- 
bility, may not be relevant and meaningful for 
understanding very low energy nuclear reac- 
tions in the solid state. He has argued that it is 
not proper to totally isolate the effect of the 
electric forces from that of nuclear forces and 
has advocated dispensing with the "collision 
dominated mentality of hot fusioneers" to un- 
derstand cold fusion phenomena. He has for- 
mulated a "coherent screening mechanism" pro- 
vided by the vibrations of the lattice deuterons 
and successfully derived Fleischmann - Pons 
excess power levels. 

Hegelstein of MET has independently 
developed a detailed formulation of a Coherent 
Fusion Theory /138/1 His novel approach is 
based on a two step reaction mechanism in 
which incoherent electron capture by deuterons 
first generates "virtual neutrons" accompanied 
by coherent neutrino emission ; these 'Virtual 
neutrons" are then captured either by deuter- 
ons or Pd or even Li to generate tritium or 
heat He refers to the latter step as "virtual 
fusion reaction". The basic premise of his 
extensive work is that off resonant coupling 
between two fusing nucleons and a macro- 
scopic system can occur through electromag- 
netic interactions. His detailed theoretical work 
shows how neutrino emission can occur coher- 
ently and also how the energy released in the 
"virtual fusion reaction" can be transferred 
directly to the lattice modes as phononi; 
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- (Hagelstein is widely known for his very original 
contributions to the theory of X-ray lasers). 

Obe of the intriguing am^ 
from the computational results of several inde- 
pendent theoretical models is that under the 
conditions pertinent to cold fusion experiments, 
the probability of (p-d) reactions is surprisingly 
higher than that of (d-d) reactions A38,161A In 
other words it is theorized that the small H 2 0 
component of D 2 0 is playing an important role 
in cold fusion phenomenology and hence, it has 
been suggested, that a systematic study of 
various effects as a function of the magnitude of 
the H 2 0 fraction in D2O should be carried out 

In summary it may be stated that it is be- 
coming increasingly apparent why and how the 
physics of nuclear "fusion" reactions in cold 
condensed matter can be very different from 
that under hot plasma conditions. In fact al- 
ready the new phrase "solid state nuclear 
physics" as distinct from 'Vacuum nuclear phys- 
ics" is beginning to be applied when discussing 
cold fusion phenomena. 



This reviewer undertook the laborious task 
of compiling and assembling in a single place a 
summary of all the experimental results obtained 
so far in the area of cold fusion when he found 
that a majority of scientists, particularly physi- 
cists, held the view that the phenomenon popu- 
larly referred to cold fusion was a "myth" and an 
"illusion"; one physicist /172/ has even con- 
signed cold fusion to the realms of Langmuir's 
"pathological science"! However this reviewer 
has found that many physicists who are staunch 
"non-believers" are simply not aware of the 
many excellent experimental results that have 
been accumulated during the past one year. 
When confronted with the mounting experi- 
mental evidence most skeptics were willing to 
concede that may be "something interesting was 



going on after all" in deuterated solids. The 
— purpose of this review is mainly to draw the 
attention of the Indian scientific community to 
the recent developments in cold fiisiorL 

While physicists find it easy to accept 
that (d-d) reactions at the "Jones level" (lfr 20 
to 10" 23 A/d-pair) can possibly occur in deuter- 
ated solids, there seems to be still considerable 
reluctance on their part to accept the idea that 
the "excess heat" generationin electrolyticcells 
could indeed be of nuclear origin. So far the 
mam justification for the nuclear origin of "excess 
heat" had been the argument that the magni- 
tudes of both excess power (W/cm 3 ^ and excess 
energy (MJ/mole) involved are such that it u 
orders of magnitude more than what can be 
explained on the basis of known chemical phe- 
nomenona (reaction enthalpies, phase change 
effects, stored energy release etc). However the 
recent observation of significant quantities of 
He 4 in the off gas stream of electrolytic cells 
generating "excess power, besides a marginal 
excess of He 4 in one electrolysed Pd button 
should perhaps begin to convince the scientific 
community that proof of excess heat being of 
nuclear origin is now on hand. However this 
information is not yet widely known. 

In the judgement of this reviewer the in- 
fant field of "cold fusion" is rapidly acquiring 
the status of a respectable new branch of sci- 
ence, and the mysteries behind what this author 
and a growing number of "converts" firmly 
believe is one of the most fascinating scientific 
breakthroughs of our times is slowly being un- 
ravelled/173,174/. Indeed the humble "battery 
and bottle" experiment may well have unex- 
pectedly opened the door to uncharted new 
realms of physics and nuclear technology. 
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APPENDIX 



STEPS IN A TYPICAL COLD FUSION EXPERIMENT 



(1) Choice of host metal/alloy (5) Stimulation/triggering of fusion reactions 

(to create non-equflibrium conditions) (Cur- 
(Pd, Th Zr, Mg, V f Nb-H, any hydrogen rent puking, thermal cycling, electrical dis- 
storing alloy; even a high temperature super charge, application of intense magnetic field, 
conductor (HTSC)!) pressure changes, shock wave, projectile im- 

pact etc) 

(2) Preparation of Samples 

(6) On-line diagnostics 

(Degassing, surface cleaning, annealing) 

(Heat, neutrons, charged particles, Xor gamma 

(3) Loading of deuterium rays, acoustic or radio emissions) 

(Hectrolysis,Gas,Plasma,Ionimplantationetc) (7) Off-line (or post experiment) analysis: 

(He^, tritium activity, activation products) 

(4) Measurement of degree of loading (or 

deuterium-to-metal atom ratio) (8) Theoretical interpretation/modelling/ 

analysis. 

(Weighing, volume increase, resistivity, X-ray <\/ 
diffraction etc) 
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Fig.l Dcwar type electrolytic cell used for excess heat 
measurements (From Bockris et al filf) 
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Fig.2 Heat burst event lasting several days during which 
electrolyte temperature approached boiling point 
(From Reishmann et al /45/) 
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Fig3 Excess power generating during Molten Salt Electrolysis 
experiment with Pd anode (From Liaw et aJ /59/) 
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Fig.4 Concomitant generation of neutrons and tritium by a 
Milton Roy electrolytic cell (From Iyengar ct al /62/) 
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Fig.5 Observation of increased tritium activity following a 
neutron burst during an electrolysis experiment 
(From Iyengar et al 1621) 
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Fig.6 Another example of simultaneous production of tritium 

and neutrons in D2O electrolysis (From Sanchez et alV20/) 
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Fig.9 Detection of charged particles from thin Pd Cathode 
during D2O electrolysis (From Taniguchi et al /85J) 




.is 




fig. 10 Characteristics of neutron bunt production EromTiE^ 

chips subject to thermal cycling (From Menlove et ai fVf) 
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Fig.ll Neutron count rate variation during heating of a 
deuterated TTfofl (From Zelenski et al /92/) 
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Hg.12 Autoradiograph of a dcutcratcd Ti chip showing tritium 
containing hot spots (From Kaushik cl al y93/) 
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(From Cecfl et al 195 f) 
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Fig. 16 Neutron Production from D2 gas discharge experiment 
using Pd Electrodes (From Wada et al7101/) 




Hg.17 Neutron Emission in IiD-I^O Experiment. Dotted graph 
in lower figure shows temperature variation 
(From Arzannikov et al 7103/) 
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-Excsgjizai and apparent increases in the neutron ang 
yimma-ravr. unt rates have been observed in a series of tests 
perjormedai Oak Ridge National Laboratory to study the 
electrolysis tf heavy water in the presence of palladium 
cathodes. For these tests, LiOD at a concentration of OA to 
I N in Dfi was used in an insulated glass electrochemical 
cell in which the temperature was controlled and heat was re- 
moved by flowing water in a cooling jacket. Results of two 
of the tests, one of which lasted for over 1900 h, are reported. 
In the latter test, an internal Dz-Oi recombiner was incorpo- 
rated into the cell to give a closed system without off -gas. 

Excess power, usually in the range o f 5 to 10%, was de- 
tected for periods of many hours. Some df these events were 
initiated and could be extended by system perturbations. On 
three separate occasions, the mean neutron count rate ex- 
ceeded the background by statistically significant values; one 
of these was apparently coincident with an extended period 
of excess heat generation. Increases in the gamma-ray count 
rates were apparently also coincident with two of the periods 
of excess neutrons. 



UTRODUCTIOI 

Several research groups have reported the measurement of 
excess energy during the electrolysis of heavy water contain- 
ing UOD as the electrolyte and in the presence of a palladium 
cathode. 1 ' 5 In some cases, anomalous neutron count rates 
have been reported for such systems, 5 ** and increases of the 
tritium content of the electrolyte solutions have also been 
measured. 9 Researchers at Oak Ridge National Laboratory 
(ORNL) have carried out a series of electrochemical tests with 
the Tnptasfo on careful measurements of as many parameters 
as possible. These included the simultaneous and continuous 
monitoring of both the heat balance and the neutron and 



gamma-ray count rates. Flow calorimetry was used in whid 
flowing water in an insulated jacket around the electrolysi 
cell served to- control electrolyte temperature and remov 
heat. In one extended test of over 1900 h, an internal cata 
lytic system was used to recombine the electrolyticaUy gener 
ated D2 and O2. resulting in a closed system without the neet 
for release of any off-gas. 

Excess heat and apparent increases in the neutron ant 
gamma-ray count rates were observed. 

MATERIALS AID METHODS 

Although there has been almost a continuous evolution 
of the design of the electrochemical system used in these tesu 
two primary electrolysis cell designs were used. The first wa 
an open system in which the electrolysis gases, D 2 and O r 
were allowed to continuously exit the cell. The second con 
cept utilized an internal recombiner that catalyzed the recom 
bination of D 2 and O2 to form heavy water, which the 
returned to the electrolyte solution. The latter was a do*, 
system that did not require replenishment of D 2 0 excep 
when samples were withdrawn. 

0p« Bactraiyats Ml 

The open electrochemical cell that did not recombine th 
electrolysis gases was fabricated from Pyrex glass with a aorr 
inal inside jfametyr of 4 cm and an active internal height c 
12.5 cm (Fig. 1). It had an -4-cm-high internal gas space tnt> 
which a N 2 purge gas could be introduced and removed. / 
2.5-cm-thick Teflon cap was attached to a No. 40 Teflo 
Oring connector and secured to the ceil body by a damp an, 
a rubber O-ring. The cap accommodated the entrance of dec 
trodes, a glass tube'enclosing a thermocouple for measure 
ment of electrolyte temperatures, a glass-encased resistor fo 
internal heat calibration, and a polyethylene tube for intrc 
duction of makeup DjO and removal of electrolyte sample* 
The ceil was surrounded by an enclosed glass annulus wit 
-1 cm Of open space through which water was forced to flo\ 
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Fig. 1. Open-system cell with cooling-water jacket used for electrolysis tests. 



by a metering pump. Thermocouples inserted in the cooling 
water inlet and outlet streams allowed the determination of 
temperature difference and, hence, heat flow. Fiberglass in- 
sulation that was 5 cm thick covered the entire exterior of the 
cell and top except for a 1- x 3-cm area that could be opened 
to observe the electrolyte level. 

Otsed Ehctnlysb Cafl 

The design concept for the closed cell was similar to that 
described above, except that the cell body was fabricated 
from nominal 1.5-in. Pyrex glass pipe, and the 1.25-cm-thick 
Teflon top was sealed with a conventional glass pipe flange 
(Fig. 2). As in the open system, a 1-cm annular water jacket 
was used for heat removal, and 5 cm of foam insulation sur- 
rounded by an additional 5 cm of fiberglass insulation was 
used to reduce immeasurable heat loss. Typically, a 10-cm 
height of electrolyte solution was used, which resulted in a 
9-ot height of gas space. 

Total recombination of the evolved D 2 and 02 was carried 
out within the gas space of the enclosed electrolysis cell. The 
catalytic recombiner was a 375-cm coil of 32-gauge platinum 
wire that had been electrochemically coated with - 10 wt* 



palladium black (see Fig. 3). The wire was wrapped around 
six Tefloh-sheathed screws that were attached to the top 
flange and extended down into the gas space. Teflon tubing, 
connected through the flange to the gas space by conventional 
tubing compression fittings, exited through a heavy water 
bubbler so that any formation of off-gas could be detected. 
Similar gastight fittings were used for electrode connections 
and entrance of a Teflon electrolyte charging tube and a ther- 
mocouple sheathed in stainless steel. 

Operation of the recombiner was initiated it the begin- 
ning of an exp e rim e n t by imposing a 0 J- A (2.4-V) electrical 
current over a period of 2 to 4 h, after which no detectable 
off-gas from the system was observed. Following initiation, 
the recombiner electrical current was required only if the cell 
current had been stopped for an extended period and was 
then restarted. ^ . , 

The cooling jacket did not extend over the entire outside 
surface of the cell because space was needed for the glass pipe 
flanges. Thus, the recombiner section operated at a relatively 
high temperature as compared with the electrolyte. This re- 
sulted in heat loss at the top of the cell in spite of the 4 in. of 
insulation. A future design change will rectify this problem. 
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Fig. 2. Electrolysis cell and auxiliary equipment used for closed-system tests. The entire system is insulated with 4 in. of fiberglass insu- 
lation. 




ON 1 J-in. DIAMETER 

Fig. 3. Configuration of the recombiner used in the closed-system electrolysis cell. 



Systm Oasts* 

The cooling water was supplied by a water reservoir with 
the temperature controlled to within ±0.1 °C/ along with a 
positive-displacement pump b that controlled the coolant 
flow rate with an accuracy of 0.5 to 1 ^ (Fig. 4). Nitrogen 
purge gas, when used, was monitored by a rotameter, while 
D2O was added and electrolyte was sampled by a syringe 



■Fotystat Model 1 194-00, Cole Parmer Instrument Company, Chi- 
cago, Illinois. 

"Duplex Pump Model RP2, Penn Systems, Inc., Broomall, Penn- 
sylvania. 



pump connected to a Teflon tube that entered through the 
flange and extended to the bottom of the cell. 

The electrical power* supply operated at a constant cur- 
rent that was measured by a Keithley 171 microvolt DMM 
meter 4 with an accuracy of ± 1 mA. Electrolyte and coolant 
water inlet and outlet temperatures were measured by cali- 
brated thermocouples (temperature differences were gen- 
erally in the range of 2 to 5°C), and the overall electrode 
voltage was determined to within 0.001 V by a Keithley 181 



'Princeton Applied Research, Model 371, Potentiostat/Calvano- 
stat. 

'Keithley Company, Cleveland, Ohio. 
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Fig. 5. Placement of scintillation detecting systems used for detection of neutrons and gamma rays. 



reagent-grade natuni lithium in the D2O at a nominal con- 
centration of 0.1 to 1.0 N. 

The cathode material was 99.97o palladium 11 that had 
been cast under argon and then swaged to the desired diam- 
eter. This cylindrical material was cut to the desired length; 
a 0.13-cm platinum connecting wire was electron beam 
welded to the top; and the metal assembly was then annealed 
at 900°C for 2 h in vacuum. All of the anode material and the 
recombiner were fabricated from 99.9+ platinum wire in 
the size range of 24 to 32 gauge. 1 The anodes consisted of 
wire coils made by wrapping the wire around the exterior of 
a skeletal glass mandrel (four 0.15-cm-diam glass rods with 
cross bracing) that surrounded the cathode and provided an 
electrode spacing of 0.3 to 0.5 cm. 

Oparettef Procedures 

The tests were initiated by loading the prepared electro- 
lytic cell with -12S ml of the electrolyte, starting the purge 
gas at — 1 ml/s for the open cell, and turning on the electri- 
cal current. A purge gas was not used with the dosed system, 
and D7O2 recombination was initiated by electrically heat- 
ing the wire coil prior to the accumulation of a large amount 
of electrolysis gas in the headspace. This initiation heat was 
not required after the catalytic reaction started, at least in the 
current range of 0.71 to 4.25 A. 

The temperature of the electrolyte was controlled by the 
cooling water temperature and flow rate and was usually 
maintained in the range of 28 to 38°C; however, some con- 
trolled excursions were imposed up to 70°C and down to 24°C. 
Makeup D2O was added to the electrolyte either continuously 
with a syringe pump or batchwise every 8 h to m a int a in a 



b Materials Research Corporation, Orangeburg, New Jersey. 
'Engelhard Corporation, iselin, New Jersey. 
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constant electrolyte inventory for the open-system test, a: 
electrolyte samples wert taken periodically (every 2 to 3 day 
The gamma-ray and neutron count rates were measured cc 
tinuously and recorded every 4 h. 

Eatrgy Balance 

An energy balance expressed as power out versus pov 
in was determined for each test, based on the following 
sumptions: 

1. The electric current is lOOVo efficient for the electr 
ysisofD 2 0. 

2. The system operates at quasi-steady state with a ct 
stant inventory of deuterium in the cathode. 

3. Except where internal recombination is used, all of 
D2 and O2 exit the electrolysis cell without recom 
nation. 

4. The exiting gases, including a purge gas (if used), ; 
saturated with D2O that is at equilibrium with hes 
water at the temperature of the electrolyte. 

5. There is no heat loss to the ambient environment 

The second assumption is obviously not correct whei 
major portion of the formed D2 is being adsorbed by 1 
cathode, but this is true for only a short period in the ea 
phase of the test. Since the volume of makeup heavy wa 
required to be added to maintain a constant inventory in 1 
electrolysis cell was approximately equal to the volume el 
trolyzed and evaporated for the open systems, it was assurr 
that very little recombination of the electrolysis gases 1 
curred. Conversely, no addition of D 2 0 or electrolyte v 
required for the closed systems with recombination except 
replace electrolyte samples that were withdrawn. Althr 
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Fig- 4. Integrated system components used in the electrolysis tests. 



nanovoItmeter. d These system parameters, along with ail 
measured temperatures, were recorded on a strip-chart re- 
corder typically every 10 s, and aiverage values based on ten 
data points were recorded on a microcomputer data acquisi- 
tion system every minute. Calibration of the thermocouples, 
including curve fitting by fourth-order polynomials, allowed 
temperature measurements to be made to within 0.05 to 
0. 1 °C. The data acquisition system also calculated a heat bal- 
ance at 1-min intervals with an estimated experimental error 
calculated to be typically 0.2 W. 

Radiation Detection 

The experimental apparatus was contained within a 
2-ft-thick concrete enclosure in an attempt to reduce the 
neutron background, Neutron levels were measured by a 2.5- 
cm-diam x 2.5-cm NE-213 scintillator 6 placed immediately 
adjacent to and at the midpoint of the insulated electrolysis 
cell (Fig. 5). Necessary electronics were used to allow pulse- 
shape discrimination with a neutron threshold of - 1.2 MeV. 
This arrangement also allowed the measurement of gross 
gamma rays with an energy level greater than -0.3 MeV. The 
NE-213 scintillator is sensitive to both neutrons and gamma 
rays; during calibration, it was determined that there was a 
gamma-ray contribution to the neutron peak of -4.1% of 
the gamma peak, or -20% of the neutron peak. All reported 
neutron count rates were corrected for this contribution. The 
overall counting efficiency was 1.46 x 10" 3 as determined by 
a ^Cf source, and the neutron detector had a typical sensi- 



tivity at three standard deviations equivalent to 3 x 10" 24 fu- 
sion/deuterium pair per second. 

A separate gamma-ray spectrometer utilizing a 7.6rcm- 
diam x 7.6-cm Nal detector f was also used. The detection 
head was placed irnmediately next to the midpoint of the 
insulated cell and at an orientation - 130 deg to the NE-213 
. detector. Although there was no efficient provision for inter- 
acting possible neutrons with protons in order to detect the 
resulting gamma rays, the 1 cm of water in the cooling jacket 
of the cell should result in some indication. A multichannel 
analyzer that covered an energy range of 0.14 to 5.20 MeV 
was used, and the system had an overall detection efficiency 
of 5.75 x 10" 5 as determined by a ^Cf source with a poly- 
ethylene converter. The Nal system had somewhat less sen- 
sitivity than the neutron detector to possible fusion reactions 
because of the higher gamma-ray background. The neutron 
and gamma-ray spectra were periodically recorded on mag- 
netic media by a small computer system. 

The tritium concentration in the electrolyte was measured 
at definite intervals by removing a small volume of the elec- 
trolyte and counting with a liquid scintillation system. The ac- 
curacy of each measurement was ±200 Bq/f. 

Materials 

The heavy water used in the experiments was deuterium 
oxide D 2 0 (99.9 at.Vo deuterium) with a low tritium content, 
-2000 Bq/f.* The electrolyte was prepared by dissolving 



e Nudear Enterprises, Inc. 



f Harshaw Oiemical Company, Solon, Ohio. 

*Aidrich Chemical Company, Inc., Milwaukee, Wisconsin. 
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die system was wcD insulated, some heat loss obviously oc- 
curred to the ambient, but this would result in a conservative 
estimate of the recovered beat. Necessary chemical and phys- 
ical properties for D^O were obtained from a reference 
handbook. 10 

Open System 

The resulting energy balance for the open systems can be 
represented by 

POWER IN: (volts) x (amperes); 

POWER OUT: 

ELECTROLYSIS (typically >30*») 

P2 + jQj (- heat of formation); 

FORCED COOLING (typically >60<9b) 

(coding water temperature increase) x (flow rate); 

LATENT HEAT (typically <2%) 

(heat of D2O vaporization). 

Closed System 

The dosed system with recombination allows a much sim- 
pler energy balance with fewer assumptions: 

POWER IN: 

(volts x amperes); 



POWER OUT: 
(cooling water temperature increase) x (flow rate). 

EXPBHMEITU. RESULTS 

As in the case of earlier tests at this laboratory/* 5 excess 
power was detected during certain periods. In addition, an 
apparent c oinc id e n c e of a higher neutron count rate and an 
increase in the gamma-ray count rate were observed in one 
test. 

spmrag mnan 

During the tests, conditions of quasi-steady state were of- 
ten maintained for many hours at a time; however, signifi- 
cant changes in the operating parameters were made at 
various times (Figs. 6 and 7). These changes were carried out 
in an attempt to determine conditions that would initiate or 
maintain the generation of excess power and/or the products 
of nuclear interactions. Parameter changes included cathode 
current density, electrolyte (LiOD) concentration, and the 
electrolyte temperature that was brought about by a change 
in the cooling water flow rate and temperature. 

The same type of systematic increase in the cathode current 
density was imposed during the closed-system test; however, 
there were also periods of current density cycling in which 
rather severe system instability was imposed (Fig. 7). These 
included the interval of 1005 to 1 170.5 h in which the cath- 
ode current density was cycled between 1 00 and 400 mA/cm 3 
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Fig. 6. Major variations of the controlled operating parameters (cathode current density, electrolyte concentration, and electrolyte tem- 
perature) during the open-system test. 
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for a cycle period of 66 min; this was followed by a second 
interval of cycling between 300 and 500 mA/cm 2 with a pe- 
riod of 5.7 min. 

There appeared to be a small, but progressive, decrease 
in the LiOD concentration during each test, apparently due 
to the deposition of this material on surfaces in the vapor 
space. Such deposits resulted in a slow increase in both the 
cell voltage and the power input. To accommodate this effect, 
the LiOO concentration was periodically checked and occa- 
sionally modified with makeup electrolyte when samples were 
taken. These changes were usually small, but they could re- 
sult in measurable decreases in the cell voltage and power 
input. 



Eaergy ■ 

Several periods of apparent excess energy have been ob- 
served in tests in both the open and closed systems. Some of 
these were seemingly spontaneous when the system was oper- 
ating at a quasi-steady state, while others of longer duration 
were initiated and maintained by system perturbations. 

Open System 

During the first 540 h of operation, there were successive 
increases in the cathode current density up to a level of 600 
mA/cm 2 , but the power balance (rate of energy out minus 
rate of energy in) was essentially zero within the calculated 
experimental error. The calculated experimental error was 
predominantly due to the uncertainty in the temperature mea- 
surement (±0.1°Q and the cooling water flow rate (1 Vo). 

At -540 h, heat in excess of that provided by inlet elec- 
trical power was apparently initiated by a decrease in the elec- 
trolyte temperature (Fig. 8). During the next 300 h, the power 
excesses ranged as high as lift (well outside the experimental 



error of -39b); butf jafter a few hours, it tended to fa 
away. Increases in the electrolyte concentration or changes 
the electrolyte temperature appeared to again enhance the t 
ergy excess. The electrolyte temperature variations seemed 
be the most effective means for maintaining excess pov 
with either a reduction in the temperature or rapid cycling 
the temperature to 60 to 70°C and back to the original valt 
Ultimately, the energy balance became negative when i 
cathode current was increased to 800 mA/cm 2 . This v 
probably due to increased heat loss to the environment, 
short cycle of the cathode current to zero and back to t 
original value also had no lasting effect. 

Closed System 

It became obvious during the closed-system test that th< 
was a loss of heat to the environment, primarily through t 
top flange. This loss was apparently due to the relatively hi 
temperature associated with the recombination and the la 
of positive heat removal by the cooling water on the t 
flange. (The temperature of the outside of the top flange v* 
usually in the range of 50 to 60°C.) Based on subsequent c 
ibration tests, it was estimated that 1 to 37o of the general 
heat was lost to the environment and was not recovered 
the cooling water, even after additional insulation had be 
added to the system at -150 h into the test. This heat loss v* 
not introduced into the heat balance calculations; therefo 
the reported values of heat removal were very conservath 
Although more precise experimental measurements wt 
made in this test, the major contributors to the experimc 
tal error were still the measurement of temperatures with c 
ibrated thermocouples (±0.05°Q and the control of cooli 
water flow rate (±0.5Vo). 

The power balance was essentially even or somewhat n 
ative during the first 740 h of operation (Fig. 9). Follow 
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Fig. 8. The pow balance dunng periods of ewesspow initiated by chai^ 

pomt represents the mean value of 30 measurements during a 4-h interval, and the error ban represent calculated uncertaim in 
the experimental values based on independent calibration of temperature and flow nattering systems 



that-interval, there were two major periods of spontaneous 
excess power, each of which lasted forseveral hours (Fig. 10). 
These were relatively modest excesses with maximum, values 
of -6% but well above the calculated experimental error 
of -1 to 2%. 

Cycling of the cathode current appeared to have little ef- 
fect on the generation of excess energy, but an extended pe- 
riod of excess power was initiated at - 1320 h by a decrease 
in the electrolyte temperature from 38 to 24°C (Figs. 9 and 
11). During this period, the power excess was generally in the 
range of 5 to 10%, with an estimated experimental error of 
lto2%. 

For this period of over 300 h of excess energy, the cath- 
ode current density was increased to 600 mA/cnr and, for a 
short time, was decreased to 50 mA/cm 2 with only limited 
effect. The electrical current was then stopped for -100 h 
while additional heat calibration tests were made. When the 
cell current was again initiated, the excess energy persisted at 
about the same level. 

At -1780 h, the cathode current was stopped momentar- 
ily, and the heavy water electrolyte (D^O-LiOD) was replaced 
by a comparable light water system (H 2 0-LiOH). To ensure 
that most of the DjO was removed, the electrolyte inventory 
was completely replaced twice. As expected, removal of the 
heavy water resulted in a decrease in the power excess to ap- 
proximately power balance, but this required over 100 h 
(Figs. 9 and 12). Perhaps this means that the energy- 
producing process was a bulk phenomenon that required a 
significant replacement of 3 H with ! H within the palladium 
cathode to "turn of f* the excess heat generation. 

Betaetfea if Prefects tf ladear hrtaracttas 

During the open-system test, no anomalous count rates 
were observed for neutrons or gamma rays on either the NaJ 
or NE-213 detection systems. In particular, the neutron count 

110 



rate from the NE-213 d sector remained at about the level of 
the predetermined neutron background (40 neutron count/ 
24 h) for the entire duration (1300li) of the test. However, 
in the closed-system test, there were small, but significant, in- 
creases in both the fast neutron and the gamma-ray count 
rates from the NE-213 system and, at some energy levels, in 
the gamma-ray count rates from the Nal scintillation system 
(Table I and Fig. 9). 

Neutrons 

Unexplained increases in the fast neutron count rate were 
observed in three significant periods of the closed-system test 
(Fig. 9), The first of these occurred during a 72-h period 
around 400 h from the start of the test in which the mean 
neutron count rate increased 57 % above the previously de- 
termined background level and 27% above the immediately 
preceding mean count rate. The 95% confidence level of the 
higher neutron count rate, as shown in Fig. 9, indicates that 
this was statistically significant. This observation was made 
during a time of apparent modest excess power that was at 
a level well within the experimental error. 

The second important interval of increased neutron count 
rate was initiated and continued for 96 h during the second 
cyclic operation of the cathode current density in which a cy- 
cle period of 5.7 min was used. This was the most significant 
increase in the mean neutron count rate, resulting in a level 
that was 76% greater than the background»and 54% greater 
than the immediately preceding level. This was again a sta- 
tistically significant increase. 

The longest period of apparent increase in the neutron 
count rate lasting -300 h started a few hours after initiation 
of the emended period of excess power that began at -1330 h 
from the beginning of the test as an apparent result of the de- 
crease in electrolyte temperature (Fig. 9). The maximum 
mean value was 69% greater than the background level and 
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Fig, 9. important experimental measurements during the closed-system test. The lower curve is the power balance, with each point rep- 
resenting the mean value of 30 measurements during a 4-h interval; the middle curve represents the mean value of the daily neu- 
tron-count rate over the period indicated; and the upper curve represents the mean value oLthe daily gamma-ray count rate over 
the period indicated for the energy range of 2.64 to 3.14 MeV from the Nal system. The error bars in the upper two curves arc 
the 95 ^confidence levels of the indicated mean values of the counting rates. The open trzngles represent significant changes ii 
-throperarion of the system, including 144 h-increase insulation; 431, 667, and 953 h-inc^ase cathode current density from 10C 
to 200 to 300 to 400-mA/cm 2 , respectively; 1005 h— initiate cyclic cathode current density varying from 200 to 400 mA/cm with 
a66-min period; 1 170 h-initiate cyclic cathode current density varying from 300to 500/n^cm^witha5.7-min cycle; 1291 h- 
maintain cathode current density constant at 500 mA/cm 3 ; 1312 h- reduce the electrolyte temperature from 38 to 24°C; 1132 h- 
increase cathode current density to 600 mA/cm 2 ; 1623 h— reduce cathode current density to 50 mA/cm 2 and electrolyte temper- 
ature to 10°C; 1653 h-increase cathode current density to 500 mA/cm 2 ; 1669 h-increase cathode current density to 600 raA/ 
cm 2 ; 1694 to 1766 h— carry out energy calibration tests; 1766 h— initiate electrolysis at a cathode current density of 600 mA/cm*; 
and 1790 h- replace electrolyte with Li0H-H 2 O. 



38% higher than the immediately preceding mean value of 
the neutron count rate, a statistically significant increase. As 
in the case of the excess power, this neutron count rate be- 
gan to decrease when the heavy water was replaced with light 
water and essentially reached background level by the end of 
the test. This higher level of the neutron count rate persisted 
even during the time when the electrical current was turned 
off for heat flow calibrations. Incidentally, Sanchez et al. 8 
also observed high neutron levels for a few hours after the 
electrical current had been turned off in their experiments. 
There was no indication that the extended observed increases 
in the neutron count rate were the result of a general environ- 
mental increase. 

Gamma Rays 

Variation in the count rates of gamma rays determined by 
both the NE-213 scintillation system and the Nal system (at 
least up to energy levels of 3.6 MeV) also appeared to have 
small, but statistically significant, increases. Since the Nal 
spectra involved higher count rates and better statistics, a 
more detailed analysis was possible. For that system, the 
gamma-ray spectra from each 4-h-long counting period were 
divided into ten equal energy segments, with each segment 
spanning an energy range of -0.520 MeV (Table I). The most 
significant increases in the gamma-ray count rate occurred in 



the energy range of 2.64 to 3.14 MeV; therefore, mean val- 
ues of the count rate for this range have been included in 
Fig. 9, where they can be easily compared with the neutron 
count rates and excess power. There were apparent coinci- 
dences of increased gamma-ray count rates with the first 
spontaneous neutron increase around 400 h of operation and 
for the final neutron increase that occurred during the ex* 
tended period of excess power starting at - 1320 h (Table 1 
and Fig. 9). 

Surprisingly, there were no statistically significant in- 
creases in the gamma-ray count rate in the 2. 12- to 2.63-Me V 
energy region (the energy level where gamma rays are emit- 
ted from neutron interactions with protons); however, all 
other energy bins less than that range showed an apparent in- 
crease during the extended period of excess power. There was 
no indication of increased gamma-ray count rates above an 
energy level of 3.14 MeV, at least up to 5.2 MeV. 

These extended periods of increased gamma-ray count 
rates could not be explained by .environmental variations, 
such as the local barometric pressure or ambient temperature, 
and there was no apparent change in the instrumental thresh- 
old or preamplifier gain. Characteristics of the changes in the 
gamma-ray energy spectra are also not consistent with inter 
ference from electrical noise or from an external radiatior 
source since the variations are relatively long term and do no 
occur as narrow peaks. 
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Fig. 10. Power balance in the closed-system test during the period wben two major periods of spontaneous excess power were observed 
The variation in the rate of energy input was primarily due to changes in cell voltage t^resS w^thTdecSe^cen: 
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Fig. 1 1. Power balance in the closed-system test during the period where extended 



excess power was initiated by the reduction in elec- 



2fc Vanations in the rate of energy input were due to changes in the electrolyte temperature, increase in cath- 
^ .R^,"5!?2?" concentration. Each point represents the mean value of 30 
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Fig. 12. Power balance in the dosed-svstem test during the period when the electrolyte was changed to light water. Variations in the rate 
of energy input were primarily due to variations in the electrolyte c on ce ntr ation. Each point represents the mean value of 30 mea- 
surements during a 4-h interval, and the error bars represent the maximum cakulmrri uncertainty in the experimental values based 
on independent calibration of temperature and flow metering systems. . 



TABLE I 



Change of Gamma-Ray Count Rates as a Function of Run Time and Energy Level* 



Detector and 
Energy Level 
(MeV) 


Mean Count Rate (count/4 h) a 


1088 to 1188 h 


1509 to 1609 h 


1948 to 2048 h 


NE-213 detector 










29 ± 2.1 


43 ±2.4 


28 ±2.5 


Nal detector 








0.14 to 0.57 


785233 ± 791 


792446 ± 497 


712468 ±510 


0.58 to 1.09 


192750 ±285 


194227 ± 150 


177009 ± 230 


1.10 to 1.60 


78523 ± 168 


79 169 ±288 


72249 ± 112 


1.61 to 2.1 1 


18562 ± 55 


19127 ± 157 


17204 ± 52 


2.12 to 2.63 . 


11 156 ± 44 


10995 ± 94 


10252 ± 30 


2.64 to 3.14 


3872 ± 31 


4446 ± 80 


3 805 ± 24 


3.15 to 3.66 


554 ± 11 


568 ± 28 


565 ± 10 


3.67 to 4.18 


463 ± 6 


468 ± 25 


470 ± 10 


4.19 to 4.69 


421 ± 8 


427 ± 7 


427 ± 7 


4.70 to 5.20 


385 ± 7 


385 ± 17 


395 ± 9 



•The first time interval was just before the initiation of excess power for an extended period; the second interval was during 
the period of excess power; and the third interval was after the test had been terminated. 

•Mean gamma-ray count rates during the time period noted with the included errors representing the 95 confidence limit 
on the mean values. 



Tritium 

Analysis of the electrolyte showed no evidence of in- 
creased tritium concentration greater than the starting mate- 
rial, within an accuracy of 200 Bq/f . 



DiSCUSSIOI 

Although periods of induced excess power were observed 
during the open-system test, the most significant results were 
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obtained during the doied-system test. Perhaps the most im- 
portant feature of the closed system is that there is no need 
to assume that electrolysis gases do not recombine; thus, 
there is less inherent uncertainty in the experimental results. 
Spontaneous periods of excess power were observed; even 
more significant, however, was the demonstration that excess 
power could be initiated by introducing system perturbations, 
A decrease in the electrolyte temperature appealed to be most 
efficient for this effect. One of the consequences of decreas- 
ing the electrolyte temperature is an increase in the deuterium 
content of the cathode. 11 Therefore, it may be advantageous 
to work at low temperatures and high c ur re nt densities when 
searching for deuterium-deuterium (D-D) reactions. 

Of equal importance were the several periods of appar- 
ent increases in the neutron count rate. In one case, this also 
appeared to be spontaneous, but in two other cases they ap- 
peared to be related to system perturbations such as cathode 
current cycling or electrolyte temperature change. The appar- 
ent coincidence of the increase in neutron count rate with 
most of the extended period of excess power was of even 
greater interest. 

* The maximum increase in the fast neutron count rate, 
taking into account the efficiency of the detection system, was 
-&23 n/s, a value that is statistically important but relatively 
modest. Assuming the increase is due to neutron emissions 
from the electrolysis experiment and a«q™fag spherically ho- 
moiteneous emissions, this value corresponds to 1 .6 x 10" 23 
fusibn/D-D pair. The detected rates are too low, .by many 
orders of magnitude, to explain the observed energy excesses 
in te ms of conventional D-D fusion theory. 

lae apparent increases in the gamma-ray count rates ap- 
peared to be coincident with increases in the neutron count 
rates. These gamma-ray increases were quite modest and 
somewhat puzzling. With low levels of increased neutrons 
and the very tow efficiency of the gamma-ray detectors, it was 
not surprising that gamma rays from the neutron/proton in- 
teractions (2.2 MeV) were not observed. However, apparent 
increases in gamma rays at other adjacent energy levels may 
indicate that some type of nuclear interaction was occurring. 
But again, the energy balance between the excess heat ob- 
served and an assumed nuclear process differs by many orders 
of magnitude. 

The several periods of excess power were unequivocal and 
could not be explained by experimental inaccuracies or ar- 
tifacts. Apparent increases in the neutron and gamma-ray 
count rates were quite modest and perhaps could be explained 
by some sort of unknown variations in the background lev- 
els of the two separate monitoring systems. However, the ap- 
parent coincidence of increases in two independent detectors, 
and especially the coincidence with an extended period of in- 
duced excess power and the concurrent decreases when light 
Water was added to the electrolysis system, gives more cre- 
dence to the results. 

The replacement of LiOD-PjO with UOH-H2O resulted 
in an u ltim a te reduction of excess power and a decrease of the 
neutron and gamma-ray count rates to background values. 
, ^Jhese observations suggest that deuterium is a necessary 
component of the electrolyte for positive results; however, 
the length of time required for the reductions was well over 
100 h. This finding could be interpreted as demonstrating that 
the possible interactions are bulk phenomena, which occur 
throughout the cathode matrix, rather than surface phenom- 
ena, which would have disappeared very rapidly after re- 
moval of the source of deuterium. 
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Cold Fusion: does ithave a future? 



Look to the rising sun 



by Julian Schwinger 



Abstract: Dr. Julian Schwinger outlines the case against the reality of cold 

^||n||^^ 'serapjiasized.'nie 

^gtrjym; jno^ N^uppn the ; f : > 5 

hypoth«BtfiS^ 

energy. Julian Schwinger developed the theoretical basis for quantum 
(dynamics, for which he shared the 1965 Nobel Prize in Physic 
with Richard Feynman and Shin'ichiro Tomonaga. This lecture was given 
in Tokyo near December 7, 1990. 



'it':. 



totally unexpected phenomenon has 
[ been discovered in a certain field of sci- 
e. It could have significant implica- 
tions for the future of mankind, and especial- 
ly for the Japanese. The overwhelming reac- 
tion of the experts in the field is rejection, 



Reproducibility is often 
M&flt ea as a canon of science. 
*iidlsmibis; in established 
^reas£But£early in a si u 
% of 0 new phenomenon that 



involves an ill-understood 
^macroscopic control of a 
microscopic mechanism, 
irrep'oducibility is not 
unknown. 



based on the absence of other-effects that are 
considered to be necessary companions of 
this new phenomenon. 

To quote one expert: **We know a lot 
about what happens... We no longer have 
the latitude to say 'Well, some strange event 
occurred and generated those things/** Nev- 
ertheless, this new possibility seems to have 
enough validity that one skeptic 
said, "It's hard to believe it. But 
there seems to be something to this. 
It should not be necessary, howev- 
er, to understand the mechanism 
before embracing the concept. If a 
proven track record can be estab- 
lished. . . you have to believe it ** 

To which scientific field does all 
this refer? In view of the title of my 
lecture, the question may seem sur- 
prising. In fact, the object is seis- 
mology. The new phenomenon is 
the occurrence of electromagnetic 
effects just prior to the onset of an 
earthquake. The most striking event 
happened on October 17, 1989. An 
apparatus set up by a team of radio 
detection specialists in the Santa 
Cruz mountains of California re- 
ceived an unprecedented blast of 
radio power. The strong signal con- 
tinued for several hours, and then 
stopped, to be followed by the Lo- 
ma Prieta earthquake that, last year, 
wreaked severe damage in the San 
Francisco area. 

As a principle, the above also ap- 
plies to the phenomenon of cold fu- 



sion. 

It is astonishing that there was an early 
precursor of the claim to have achieved cold 
fusion. Dated at the beginning of the Showa 
era, the German tide of the paper is translat- 
ed as "On the transformation of hydrogen in- 
to helium.** At that time, neither the exis- 
tence of the heavier isotopes of hydrogen, 
nor of the lighter isotope of helium, was rec- 
ognized. If, indeed, they did produce helium, 
was it 4 He (helium-4), or was it He (helium- 
3)? Incidentally, at just that time, Nishina 
Yoshio was at Niels Bohr's Institute in 
Copenhagen. One can only wonder how he 
reacted to the bizarre claim. 

On 23 March, 1989, the University of 
Utah, at Salt Lake City, threw a press party. 
Its purpose was to establish priority for 
patents on a new source of energy. The im- 
petus was supplied by what seemed to be a 
rival group, down the road at Provo, Utah. 
The patent lawyers needn't have worried; 
The Prowjwople were investigating a very 
weak source of neutrons, which is only of 
academic interest. But, science filtered by 
patent attorneys is no longer science. Isn't it 
possible to establish a track record without 
reference to the initial claimants? 

The National Cold Fusion Institute has 
provided a clearing-house for reports that 
bear on the reality of cold fusion. As of 
August, 1990, 78 other groups from all over 
the globe have reported positive evidence, as 
conveyed by the detection of one or more of 
these indicators: Excess heat, tritium, 
neutrons, v-rays, -He. The standard response 
to such a list is: "Yes, but what about the 
much larger number of failures?'* Does 
anyone really think that the scientific 
judgment is like an election, in which the 
majority carries the day? 

The characteristics that seem to be com- 
mon to all successful cold fusion experi- 
ments are: (1) Intermittency — the production 
of heat, of tritium, of neutrons, coming in 
bursts, switching on and off at random. (2) 
Irreproducibility — seemingly identical cells 
vary widely in their ability to "turn on." It 
may not be too much of an exaggeration to 
say that, early in April, 1989, everyone — in- 
cluding those who, like myself, had to look 
up the meaning of enthalpy — had thrown to- 
gether an electrolysis apparatus and was 
waiting for dividends. After a few weeks, 
with no reward, they quit in disgust, and de- 
nounced it all as incompetence, or fraud. 
Their votes are irrelevant. 
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Physics Nobel Laureate 
Julian Schwinger of 
UCLA, an early cold 
fusion theoretician 
arid supporter. 






The defense is simply stated: 
The circumstances of cold 
fusion are not those of hot 
fusion. 



Reproducibility is often cited as a canon of 
science. And so it is, in established areas. 
But, early in a study of a new phenomenon 
that involves an ill-understood macroscopic 
control of a microscopic mechanism, 
^reproducibility is not unknown. That was so 
at the onset of microchip studies. It also 
appeared in the initial phase of the discovery 
of high-temperature superconductivity, 
which, by the way, is a prime example of 
"embracing the concept** without having "to 
understand the mechanism." 

What is it about cold fusion that seems to 
enrage a substantial number of physicists? 
The people who have spent a lot of money on 
hot fusion would doubtless echo: "We know 
a lot about what happens. We no longer have 
the latitude to say, 'Well, some strange event 
occurred and generated those things.' " To be 
specific, this is how their preconceptions 
work: (1) In hot fusion, the union of two 
deuterons, to form 3 He and a neutron, pro- 
ceeds at about the same rate as the formation 
of a triton and a proton. But the emission of 
neutrons from palladium electrodes im- 
mersed in heavy water occurs at a rate around 
the insignificant background level. Conclu- 
sion: No neutrons — no cold fusion. (2) The 
two cited reactions are the only important 
ones in hot fusion. There is no independent 
source of excess heat Conclusion: Incompe- 
tence. (3) Given the essential absence of neu- 
trons, what of the claims for substantial tri- 
tium production? Conclusion: Fraud. (4) At 
the low energy of cold fusion, the penetrabili- 
ty of the Coulomb barrier is so overwhelm- 
ingly small that nothing could possibly hap- 
pen. Conclusion: Stupidity. 

The next item of the hot-fusioneer's creed 
are responses to suggested cold-fusion mech- 
anisms: (5) Very soon after March 23, 1989, 
it was proposed mat excess heat is produced 
by the formation of ground state 4 He in the 
DD fusion process. Response: Where is the 
accompanying y-ray of roughly 20 million 
electron volts? (6~) Then came the recognition 
that excess heat might be dominated by HD, 
rather than the DD reaction. Heavy water un- 
avoidably contains some fraction of a percent 
of light water. The fusion of a proton with a 
deuteron produces 3 He. Response: Where is 
the accompanying >ray of roughly five mil- 
lion electron volts? (7) The HD reaction is a 
source of heat and of 'He, but not of neutrons 
or tritium. The latter must come from the DD 
reaction. What happens if two fusing 
deuterons populate, not in the ground state. 



but in the first excited state or 'He? 
That excited state is unstable 
against decay into a triton and a 
proton, ll is stabfr. however, for 
decay into a neutron and 'He. Here 
then, is a mechanism to account for 
the great disparity between neutron 
and triton production — the ratio is 
about one in a hundred-million — 
that seems to be characteristic of 
cold fusion. Response: Where is the 
accompanying v-ray of about four 
million electron volts? 



o stands the indictment of cold fusion. 
The defense is simply stated: The cir- 
|cumstances of cold fusion are not those 
of hot fusion. 
It is a standard operational procedure, in 
hot fusion work, to represent the reaction rate 
as the product of two factors: The barrier 
penetration probability, which involves only 
the Coulomb repulsion; and, the intrinsic re- 
action rate, which is dominated by nuclear 
forces. But, at the very low energy of cold fu- 
sion, one is dealing, essentially, with a single 
wavef unction, which does not permit such 
factorization. The effect of Coulomb repul- 
sion cannot he completely isolated from the 
effect of the strongly attractive nuclear 
forces. This is a whole new ballgame. It is, so 
to speaks sumo -tournament restricted' to the 
maki'-no-uchi, indeed, to the yokiauna. 

Jl ^ wavefun xions for a low energy proton 
and deuteron, i nd for a low energy pair of 
deuterons, are effectively dominat- 
ed by zero relative angular momen- 
tum. They are states of even orbital 
parity. The intrinsic parities of all 
relevant particles — neutron, proton, 
deuteron, triton, TCe, ground state, 
and first excited state of 4 He — are 
also positive. So, the normally 
dominant process of electric dipole 
radiation is forbidden; it requires a 
parity change. 

If the y-rays demanded by the 
hot-fusioneers are greatly sup- 
pressed, what agency does carry off 
the excess energy in the various re- 
actions? One must look for some- 
thing that is characteristic of cold fusion, 
something that does not exist in the plasma 
regime of hot fusion. The obvious answer is: 
The lattice in which the deuterium is con- 
fined. 

Imagine, then, a small but macroscopic 
piece of the lattice absorbs the excess energy 
of the HD or DD reaction. Please— I beg of 
you— do not rise in high dudgeon to protest 
that this is impossible because of the great 
disparity between atomic and nuclear energy 
scales. That is a primitive reaction to what 
may be a very sophisticated mechanism. And 
do not forget the failure of theory to predict, 
and then to account for the phenomenon of 
high temperature superconductivity. I ad- 
vance the idea of the lattice playing a vital 
role as a hypothesis. 

Past experience dictates that I remind you 



that a hypothesis is not something to be 
proved mathematically. Rather, it is a basis 
for correlating data and for proposing new 
lasts, which, by their success or failure, sup- 
port or discredit the validity of the hypothe- 
sis. It is the essence of the scientific method. 

Intermittency is the hallmark of cold fu- 
sion. It incorporates irreproducibility as a cir- 
cumstance in which the time intervals be- 
tween bursts significandy exceed the duration 
of the observations. Intermittency is the ulti- 
mate rebuttal to the charges of fraud in the 
tritium production. Externally introduced tri- 
tium maintains an essentially constant count- 
ing rate. There is no resemblance to the 
switching on and off of the observed bursts. 
Does the lattice hypothesis have a natural ex- 
planation for intermittency? 

One needs information about the 
lattice structure of deuterided palladium. The 
experts say that, "We know a lot... ,** but that 
knowledge does not include what happens in 
the important regime of heavy deuteron load- 
ing. There is, however, a theoretical sugges- 
tion that, in the circumstance of heavy load- 
ing, a pair of new equilibrium sites comes in- 
to existence within each lattice cell. The 
equilibrium separation for that pair is signifi- 
cantly smaller than any other such distance in 
the cell. 

It would seem that a close approach to sat- 
uration loading is then required for effective 
fusion to take place, but, surely, the loading 
of deuterium into the palladium lattice does 
not occur with perfect spatial uniformity. 



The replacement of 
impartial reviewing by 
censorship will be the death 

of science. 



There are fluctuations. It may happen that a 
microscopically large — if macroscopically 
small — region attains a state of such lattice 
uniformity mat it can function collectively in 
absorbing the excess nuclear energy that is 
released in an act of fusion. And that energy 
can initiate a chain reaction as the vibrations 
of the excited ions bring them into closer 
proximity. So begins a burst. In the course of 
time, the increasing number of vacancies in 
the lattice will bring about a shut-down of the 
burst The start-up of the next burst is an in- 
dependent affair. 

This scenario raises an interesting ques- 
tion: Would the efficacy of room temperature 
cold fusion be enhanced significantly by fur- 
ther lowering of the ambient temperature? 
Lower temperature would presumably de- 
crease somewhat the probability of the initial 
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Cold fusion and sonoluminescence: A postscript 



Physicist Julian Schwmg^^ 
enigma of cold fusion, wMch he maintains can be explained by 
metal atomic lattice-induced nuclear jeactions.' He has published 
his theoretical works on cold fusion in, among other journals, the 
Proceedings of the National Academy of Sciences. 

Ever up to the challenge of trying to fathom the physics behind 
seemingly "impossible" phenomena; Schwinger has in recent years 
become fascinated w 

SOTolummesceiice " noW; Jrett-/ 

established phenomenon ocoj^ 
to a liquid, causey bubbles ^ to oscOlate J^ly-^ e 
tract regularly— af^ of light - tyy&f 

Since the 1930s, it has been known that under the rigjit condi- 
ticms-ligjbt can emerge ^ in flu- 

ids exposed to ultrasonic sound or undergoing turbulence. In 
1990, a group under Professor Seth Pu tterman at UCLA discov- 
ered that the light from a single ^ acousj|^Ily-driven" bubble could 



- come out m extremely brief pulses of 100,000 Kght plwtonsr^ ;. 
a pulse duration of less than 50 pico-seconds, alwur l^ aec^i 
onds— tru^ Whicn the; period of the ernittini' bubble^ 

was much larger, or 10 4 seconds: Schwinger has drawn parallels ' 
between cold fusion and sonoluminescence in his continuing 
technical publication on both topics. He has also developed an 
impressive theory to explain SOToluminescence. : 
; Schwinger ;rernaxto .in one of his connnentaries^<i9^ 
meclianisms that hay e been suggested for cpid fim6iiS^^oixi^ r 
minescence are qui te different But they both depend-Sg^cjuit^- 
ly on non-linear effects. Put in that light the faHures of narve in- 
tuition are und^rstana^leT/ ^ ^^^^m^f^^^':- 



For our more technically inclined ; «idexa^ 
ing list of Schw&ger's publications m ;'-this ; ,are^ 
years. "Cold Fusion" Magazine' will publish *m^ 
Schwinger's eloquence, and his perceptions of the frontiers of 
physics. — dene Mallove 



Works on cold fusion and sonoluminescence 
by Nobel Laureate Julian Schwinger 



-Nuclear Energy in an Atomic Lattice.* 1 ' Proceedings of the 
First Annual Conference on Cold Fusion, March 28-31, 1990, 
Sail Lake City, pp. 130-136. ■■■V^^^-Vn. 

"ColdFusion: A Hypothesis" Zeftschrift FQr Natuiforschung, 
Vol, 45, No. 5, May, 1990, p. 756. 

"Cold Fusion: Does it Have a Future?" in Evolutional Trends 
of Physical Sciences, Springer Verlag, 199 L (From a talk deliv- 
ered in Tokyo, 1990) 

"Phonon Representations," Proc. Natl. Acad. Sci., Vol 87, 
September 1990, pp. 6983-6984. 

"Phonon Dynamics" Proc, NatL AcacL Sci, Vol. 87,. Novem- 
ber 1990, pp. 8370-8372. ■ - 

"Nuclear Energy in an Atomic Lattice—Casual Order" , Prog. 
Thecr. Fhys., Vol. 85, No. 4,AprU1991; ppi 711-712. 



"A Progress Report: Energy Transfer in \C6ld Fmion andi 
Sonoluminescence, 19 a lecture delivered at MIT and at the' Uni- 
versity of Pennsylvania, autumn 1991 . ' ^*?**fc*J*- 1 

"Casimir Energy for Dielectrics," Proceedings of the National 
Academy of Sciences, Vol, 89, May 1992, pp. 4O9M093. ^ 

"Casimir Energy for Dielectronics: Spherical Geometry," 
Proceedings of die National Academy of Sciences, Vol. 89, De- 
cember 1992,pp.lll8-1120. 

u CdsimirUght:Piecei of the Action" Proceedings of the Na- 
tional Academy of Sciences, submitted, 1993. 

"Cold Fusion Theory: A BHgHistoty.ofMine" ata&for tfie^ 
Fourth International Conference bn ColdFusion^ MaStf y 
December 6-9, 1993 (spoken by Eugene Mallove, in Schmnger^f; 
absence). -->r - K '--i^^^W^ 



fusion. But it should increase the probability 
of forming and maintaining the lattice struc- 
ture against the destructive onslaughts of 
thermal agitation. Experiment must supply 
the answer. 

1 find it both amusing and tragic that the 
members of a panel, investigating the charge 
of fraud in tritium production by cold fusion, 
dismissed the charge as "unlikely" and 
"much less probable than that of inadvertent 
contamination or other unexplained factors in 
the measurement." That the "unexplained 
factors" might be the reality of cold fusion 
was not admitted. Why? Because "critics" 
questioned the results, saying that the tritium 
was not accompanied by other fusion byprod- 
ucts... " It is the old siory. If ;i significant 
flux of neutrons is not observed, there cannot 



be any tritium, even though one finds tritium 
with a signature that differentiates it both 
from external and internal contamination. . 

The pressure for conformity is enormous. I 
have experienced it in editors' rejection of 
submitted papers, based on venomous criti- 
cism of anonymous referees. The replacement 
of impartial reviewing by censorship will be 
the death of science. 

Does cold fusion have a future? I have lit- 
tle hope for it in Europe and the United 
States — the West. It is to the East, and, 
specifically to Nihon, that I turn. The willing- 
ness that the Japanese have displayed, of 
foregoing short-term rewards for greater 
long-term successes, should be a key ingredi- 
ent in this endeavor. 

indulge me in a fantasy, not of the future, 



but of the past I should like to think that, if 
cold fusion had been a burning topic a few 
yean before 1951, as well it might Nishina 
would have recognized that was a subject for 
open-minded research — not suppression. 
And, in view of the physico-chemical nature 
of this subject, that he would have thrown all 
the resources of the Institute of Physical and 
Chemical Research into the study and devel- 
opment of cold fusion. Dare one hope that a 
dream of die past also contains a glimpse of 
the future? 

Domo arigato gozaimasu. Thank you very 
much. 



Professor Emeritus Julian Schwinger is a 
member of the Department of Physics, UCLA. 
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The Solid State Alters Nuclear Behavior 

Radioactive decay mystery Christopher Tinsley 



Almost any scientific or technology 
periodical is not ordinarily good 
bed-time reading. Physics Letters A. 
is no exception. Well, usually. But open the 
issue for January 3, 1994, and just inside the 
front cover is a well-written, clear paper, ti- 
tled, "Reduced radioactivity of tritium in 
small titanium particles/ written by Otto 
Reifenschweiler, the retired Chief Physicist 
of Philips Research Laboratories in The 
Netherlands. It just may also be one of the 
most important papers in 20th centum 
ry physics — though it may be a big 
mistake. It doesn't look like a mis- 
take, it looks like a beautiful piece of 
experimental science. 

Essentially the paper says that if 
tiny crystals of titanium are allowed 
to absorb tritium (in the ratio of one 
atom to about 285 titanium atoms) 
then the resultant material is less ra- 
dioactive than the original tritium. 
[Tritium is the radioactive isotope of 
hydrogen, which has two neutrons 
plus a proton in its nucleus.] Worse, 
if the-material is heated the radioac- 
tivity drops further. No- problem. 
The radioactivity is being shielded 
somehow, and when you heat a metal the 
tritium will be driven out. Not so, it seems. 
Tritium is a beta-emitter, giving off an elec- 
tron when it decays to 'He (helium-3). 
These electrons can form an electric current 
which is measurable, tiny though it is. And 
the X-rays produced in the decay can be 
measured as well. 



any that does is pumped out immediately 
(the heating process takes about 10 hours). 

The rise in radioactivity between 275*C 
and 360*C shows that nothing has actually 
changed; the substance is giving off at least 
as much radiation as before. And the beta 
particles, the electrons, are not being divert- 
ed or hidden by some odd change in the 
metal. The X-rays and the current formed 
by the electrons are shown in a series of ex- 
periments to be in step with each other. 



** Various experiments established for both 
detection systems the linear relationship be- 
tween the read-out and the activity." 

It becomes clear from reading the paper 
that the author was very familiar with this 
material, and had done many experiments 
with it This particular one was done several 
times, under different conditions, but with 
similar results. One experiment with 10 
times as much tritium, and five times the 
rate of heating, did not show the effect. 

Another, equally careful set of experi- 
ments at room temperature showed that 
"small accurately determined quantities of 
tritium** absorbed by the titanium did not 
emit radiation as might be expected. As 
more tritium was added, the emissions did 
not keep in step with the amount. At one 
point there was only half the radioactivity 
expected, but at double that amount of tri- 
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Cntmt rate as a function of temperature 
in the pumped system. 



tium the beta-decay had increased four 
times — back to about the expected level. 

The titanium used is interesting stuff. It's 
"a kind of soot." The titanium is vaporized 
in inert argon and condensed as particles,, 
each being about 15nm in diameter. Titani- 
um is quite a light metal and, if these parti- 
cles are spherical, they will only contain 
about 100,000 atoms. The ball will be about 
55 atoms across and have perhaps 1,000 
atoms on its surface. 

The question is whether tiny 
monocrystals are one big "grain 
boundary." With masterly under- 
statement, Reifenschweiler sug- 
gests, "it seems jastifted to put for- 
ward a highly unorthodox hypothe- 
sis.** He proposes a nuclear pair hy- 
pothesis, with pairs of tritium nuclei 
forming something more stable than 
a single one. On the face of it that 
sounds like an odd idea — especially 
since the effect is not seen with 
higher levels of tritium — but I have 
no doubt that Dr. Reifenschweiler 
has good reason for putting it for- 
ward. 

^What 's in it for cold fusion? 
If the effect is real, if it is confirmed, then 
perhaps it may be due to some interaction 
between the tritium and the titanium. The 
only (and very naive) comment I can put 
forward is that the neutron in deuterium is 
stable; in tritium it decays slowly; on its 
own it decays fast. Maybe that is an over- 
simplification, but it makes tritium look like 
a prime subject for some kind of process 
which might stabilize its neutrons. Assum- 
ing that there isn't a "trivial** explanation 
(Dr. Reifenschweiler is perhaps being undu- 
ly modest when he rates the chance of that 
at about 50%), what might be the implica- 
tions for cold fusion? He makes it very clear 
that he has published this paper because of 
cold fusion. 

It is astonishing to read that it previously 
existed only as an internal report within the 
Philips company — written in 1961! His first 
three references are to summaries of cold 
fusion progress by Storms and by Srini- 
vasan, and the 1993 Physics Letters A paper 
of Pons and Fleischmann. And he makes 
suggestions for experiments which might 
connect his results with those of cold fusion 
workers. 

What this paper seems to show is that 
solid state conditions can modify the behav- 
ior of atomic nuclei, which is what cold fu- 
sion scientists assert, and their opponents 
deny. There are none of the subtleties of 
electrochemistry or the complexities of 
"proton carrier* crystals — no caiorimeiry. 



If it looks like a duck, walks like a duck... 

Accompanying the live experiment 
(where any tritium released by the metal is 
pumped out at once) is a dummy: which 
measures the outgassing of an identical 
sample. The dummy is heated in the same 
way, and virtually no tritium is released be- 
low 400 # C.The real jaw-dropper is that al- 
though the radioactivity drops by 28% be- 
tween 115*C and 160" C, and more slowly 
by a further 12% at 275X. It then rises 
again to slightly more than its original value 
by the time the metal has reached 360 # C. 
After that, the radioactivity drops as the tri- 
tium leaves the metal at about 400*C. 

That is absurd, because the nucleus is in- 
violate* except to very high energies. Al- 
though radioactive decay can be hidden or 
shielded, it cannot be altered (to any signifi- 
cant extent). Obviously something is very 
wrong here. Anybody reading the paper will 
start a hunt for errors, for loopholes. 

Maybe there is a loophole, but ail the ob- 
vious ones have been firmly plugged. The 
dummy experiment shows that virtually no 
tritium leaves the metal below 400*C and 



Perhaps a replication of 
this [experiment] by one 
of our great laboratories 
will be the first step to 
healing the ridiculous rift 
in science today. 
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fold fusion is not a big deal in Japan. In 
fact, it is something on the order of 
t as usual 

ft is just an ordinary t quiet field of academ- 
ic physics, like high temperature supercon- 
ductivity, or X-ray lithography. 

Scientists and industrialists are aware that 
cold fusion research is under way, and most 
approve of it, public opinion polls indicate. 
From time to time, articles about it appear in 
the leading scientific journals, ftxhniral mag- 
azines, and newspapers. Occasionally it 
makes the headlines, but press coverage is 
usually low-key. 

Funding levels are moderate, prob- 
ably around $90 million dollars per 
year. There is broad support for con- 
tinued research from every major sci- 
entific society, and there are small 
groups working on the subject in most 
leading universities. 

Most corporations working in this 
field probably have only five or 10 
people working on cold fusion, and 
only a few having much larger pro- 



Hideo Dcegami, one of Japan's leading 
cold fusion researchers, has written guest edi- 
torials in the Asahi newspaper, the Japanese 
edition of Scientific American, and has been 
quoted by the New York- Times. When you 
ask him, "How are things? Is there any big 
news? Have there been any breakthroughs?" 
he always responds: "It's slow and steady. 
Everything is coming along normally." 

Scientists are like farmers 

The research is steady and uneventful. 
People work quietly in cluttered laboratories, 
spending weeks calibrating and preparing for 
experiments, and weeks afterwards analyzing 
data, and writing scientific papers. Basic sci- 
entific research usually works at this pace. 
The scientists are like farmers growing an ap- 
ple orchard; the season is the shortest unit of 
time that matters to them. Most scientists 
think results may be years away, but Japanese 
scientists have made great strides in cold fu- 
sion because most of the mainstream science 
establishment ignores them. They get their 
grant money, do the research, publish their 
findings in the leading physics magazines, 
hold annual and semi-annual conferences at 
leading physics conferences— just like scien- 
tists in any other field. 

American researchers envy their Japanese 
colleagues. They would love to be left alone, 
wishing cold fusion were treated as just an- 
other part of physics in the U.S., where the 
field remains a battleground of accusations 
and emotionalism — and research money is 
virtually unobtainable. Leading U.S. physics 



societies attack and denounce the work as 
criminal fraud and lunacy . 

In Japan, cold fusion caused a lot of com- 
motion in 1989, and it met very stiff skeptical 
opposition for a few years. After a while it 
slipped into the normal, quiet, calm, academ- 
ic atmosphere. There are still, however, 
mainstream scientists who scoff at it, or ig- 
nore it, and a tiny minority which actively de- 
nounces and attacks it. The mood is open- 
minded, pragmatic, and patient. Most 
Japanese scientists are not sure yet, but they 
are encouraged by the results they have seen 



For science, technology, 
business, and even the 
media, Japan's soil Is fertile 
for cold fusion. 



sol far, and they are content, to wait anu see 
how it will turn out 

Martin Reischmann was quoted in th ; UK 
Sunday Timer. 

"Plenty of scientists in Japan responded 
just as skeptically as in Britain and America. 
But there was a willingness to say: 'Suppose 
it's true, what follows from that?'" 



Open minds, open doors 

The Japanese as a whole are more open- 
minded than Americans, but they are not 
much more open-minded. It is just a small 
difference; they are just a little bit more will- 
ing to suspend judgment That little slice of 
extra open-mindedness has allowed a little 
slice of careful research, at a very modest $90 
million dollar per year level. If every 
Japanese scientist were convinced the effect 
is real, Japan would be spending $9 billion 
per year. 

The cold fusion scientists themselves are 
completely certain of their results. They have 
no doubt whatsoever that the effect is real, 
the tritium is real, and the heat is beyond 
chemistry. Other scientists in Japan are only 
dimly aware of the results. They have not 
read the formal scientific papers, so they are 
not as certain. 

There is no gigantic Manhattan Project- 
style cold fusion research program in Japan — 
and nobody has ever thought of launching 
one. But as the 1989 controversy gradually 
ebbed away, more scientists came to accept 
that the effect is real, and projects were grad- 
ually ramped up. Research is now at an all- 



time high. 

A dramatic announcement was made on 
the first morning of the Fourth International 
Conference on Cold Fusion in Maui. 
December 6, 1993. Japan's Ministry of 
International Trade and Industry (METI) has 
established a new R&D Center and a labora- 
tory for cold fusion research with a four-year 
budget of $30 million dollars. Kazuaki 
Matsui, the Director of the Institute for 
Applied Energy, made the announcement, 
which caused quite a commotion among 
many Americans and Europeans. But it did 
not surprise many Japanese partici- 
pants. Details of the plan circulated 
long before the conference. This an- 
nouncement was the culmination of a 
long, slow, deliberate planning 
process. 

Like most important projects in 
Japan, it was bounced around and 
sent out for evaluation long before it 
was-implemented. It's clear the de- 
tails were mapped out in advance: 
,'-i$t look at the address of the new re- 
rcarch institute. It's one floor above 
the Toycia IMRA institute in Hokkaido, es- 
tablished two years ago. Obviously, the 
Japanese intend to foster close cooperation 
between the private industry lab on the 
ground floor, and the semi-private govern- 
ment-supported lab on the second floor. 



Is the turtle winning? 

Like everything else in Japanese cold fu- 
sion research, the announcement was the re- 
sult of a slow, step by step, carefully planned 
effort The Japanese researchers are commit- 
ted to a long term effort They are in no hurry 
to "crack the problem." They do not expect to 
find the cause of cold, fusion, and win a 
Nobel prize next month, or next year. They 
say they will commit decades to the work, if 
that is what it takes. Noboru Oyama, of the 
Tokyo University of Agriculture and 
Technology*, predicted that it might taije a 
century for the research to pan out Most re- 
searchers expect results before that — some 
say within two or three years, some say with- 
in 20 years. 

Tlcggami says scientists in Japan are gradu- 
ally building up a mountain of essential but 
mundane materials science research into met- 
al hydrides. They have come to realize that a 
palladium sample supersaturated with hydro- 
gen or deuterium has many unique qualities. 
Palladium loaded with 50% or 60% deuteri- 
um is a relatively well-researched, well-un- 
derstood metal. Palladium loaded with 90% 
is a brand new material — never explored be- 
fore 1989 — which you might say, is more hy- 
drogen than metal at that stage. 
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Anoverviewof 
scientific, political, and 
social attitudes toward 
cold fusion in 



by Jed Rothwell 
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American 

researchers envy their Japanese 
colleagues. They would love to be left alone, 
wishing cold fusion were treated as just another part 
of physics in the U.S., where the field remains a battleground 
of accusations and emotionalism— and research 
money is virtually unobtainable. 
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The Japanese are learning about surface 
properties, conductivity, internal structure, 
and about countless other properties of this 
strange new material. The data they have 
piled up is not controversial. Nobody ques- 
tions the accuracy of the calorimetry, the 
loading measurements, or the surface analysis 
data itself. The data is accepted, but scientists 
vigorously debate what conclusions might be 
drawn from it. 

There is no generally agreed upon theory 
yet to explain the data. Scientists expect that 
the mountain of evidence will eventually 
serve as the basis of a theory to explain the 
effect, hoping the answers will fall out of the 



Mm's cold fusion R&D 

MITTs Department of Natural 
Resource Development has been in- 
volved in cold fusion research for 
several years. They have supported 
low-level, small-scale research, "just 
enough to keep the pot boiling" as a 
program leader put it Two guiding 
principles behind MTITs cold fusion 
thinking are often expressed in offi- 
cial statements, interviews, and dis- 
cussions: 

. L The excess heat is definitely 
real, 

2. // there is even a slight chance 
that this phenomenon might 
become a practical, useful form 
of energy, then the^research 
mast proceed. 
Mm, and private industry, are re- 
sponsible for developing new tech- 
nologies.- That is their job. They do 
not see themselves as guardians of 
scientific truth, in the way our 
Department of Energy does. They 
don't care about scientific theories 
and debates. They try to avoid taking sides in 
the physics debates. It doesn't matter to them 
whether cold fusion is actual fusion, an exotic 
super-chemical reaction, or something else 
unknown to science. The Japanese look at the 
engineering aspects of power density, tem- 
perature, and fuel consumption. Pragmatic, 
results-oriented industrial planners, they re- 
sist esoteric academic debates and entangle- 
ments. 

MTTI appropriated $3 million dollars in 
1993 for cold fusion research, money used 
for special equipment and other extraordinary 
expenses in national laboratories and univer- 
sities to cover cases where normal discre- 
tionary funding was insufficient The.idea: 
Let the scientists go slowly and quietly, out 
of the spotlight A large, lavishly-funded pro- 
gram might raise expectations too high, or 
^ush people to quickly produce positive re- 
sults at the expense of careful science. MTTI, 
; V and^other Japanese R&D planners, realize 
^ -That gpod science cannot be rushed. Research 
^^fjppce Irving a baby. Nine wormen T cannot 
;ffi|^c^ibaby T in one month, and nine scien- 
^fists cannof do nine months of thinking and 
learning in one month. 

.^;In the spring of 1992, news of the MTTI 



cold fusion R&D program began to appear in 
the Japanese press. On July 10, 1992 it made 
a big splash on the front pages of die Yomiuri 
evening edition with the bold headlines: 

"Cold Fusion: Clean Energy Source to 
be Developed into Practical Use; Nation 
Begins Full Scale Research; MTTI Energy 
Resources Div. Plans Several Hundred 
Million Yen Budget Next Fiscal Year [sev- 
eral million dollars]" 

The lead paragraph said: 

"The Energy Resources Department of the 
Ministry of International Trade and Industry, 
will appropriate several hundred million yen 
for basic research from the fiscal 1993 bud- 
get The agency intends to spend several bil- 
lion yen [several tens of millions of U.S. dol- 



Like everything else in 
Japanese cold fusion 
research, the 
announcement was the 
result of a slow, step by 
step, carefully planned 
effort The Japanese 
researchers are committed 
to a long-term effort They 
are in no hurry to crack 
the problem, 

lars] on the five-year project beginning ;in 
fiscal 1993. The agency has established a^ 
study group bringing together researchers^ 
power companies, and large i ete&c machu^? 
ery producers. The gi^^receuly concludeicjL^ 
that excess heat wa^mdeed, -generated i3g 
cold fusic-n^expenn^ 
sure exa5ly-liow flie process works. £he re- 
search is aimed at finding this out*f 
>fe The^ J^TI^program d^ector^Jaizov 
Nakatornvwas taken aback ante commotion 
this raised, going to great lengths to down- 
play the scale and importance of the program. 

A Nikkei trade publication, the 
Superconductor Newsletter quoted him: 
v "This is not cold fusion research per se. 
We are investigating the prospects for im- 
proving fuel cell performance . . . The report 
in the Yomiuri newspaper that we will begin a 
program to study cold fusion in the next fis- 
cal year may cause a misunderstanding. What 
we are going to do is to conduct exploratory 
'paper* research to determine whether or not 
it is possible to improve the performance of 
things like fuel cells and to create a new, effi- 
cient battery by utilizing the heat generated 
by metals that have been loaded with hydro- 
gen isotopes . . . 



"The thing we are paying attention to is the 
excess heat, whether the mechanism explain- 
ing that heat is nuclear or chemical is no con- 
cern of ours. For one thing, our responsibility 
in die Technical Division is to develop fuel 
cells, not nuclear fusion. Since that article 
about our developing cold fusion came out, 
we have been inundated with calls, which 
have become a big nuisance." 

One reason Nakatomi wanted to downplay 
the connection with fusion is because he was 
engaged in a turf war with the hot fusion pro- 
gram at MTTI On October 17, 1992, in«a re- 
port on die Third International Cold Fusion 
Conference in Nagoya (ICCF3), die Yomiuri 
wrote: 

"[MITTs] decision to study cold fusion 
shocked the scientists who are re- 
searching orthodox 'hot' fusion, in 
MITFs Technology Research 
agency. It is no wonder they were 
surprised; under the auspices of the 
Nuclear Power Division, this group 
has been spending several trillions of 
yen per year to develop a gigantic hot 
fusion reactor, the 'JT-cX)/" 

The Nuclear Power Division had 
already performed cold fusion repli- 
cation experiments for two years, and 
judged that cold fusion was not suit- 
able as a source of energy. When die 
cold fusion program was announced, 
the Nuclear Power Division retaliated 
by declarin g "The kind of fuai-u en- 
ergy that t -z nation has'decid^d to 
/ ./proceed with is hot fu^wu Cold fu- 
sion development is not part of this 
plan. .r' : * 

^r^Taking a dirr^v^ew of this petty 
bureaucratic squabble, industry has 
again become excited by prospects 
forcoid fusion. When cold fusion 
t - , was first announced, the nation's 
large electric equipment manufacturers and 
others jumped into die research, and the stock 
prices of precious nie^ ; C05^anies produc- 
ing the palladium needed fpr;cathodes shot 
up. However, that sort of response fizzled 
jrithin a 'yean Howeve&*recently, in March, 
(the Japanese Energy Department formed a 
^New Hydrogen Energy Panel' to study cold 
fusion. Although die department asked that 
the panel be limited to only 10 companies, 
many more expressed interest, and the panel 
has now been expanded to 15 major corpora- 
tions." 

While this program was big news in die 
summer and fall of 1992, the program in fact 
started at least a year before that, in 1991. 
This is the list of consortium members in late 
1992: 

Chubu Electric Power 
Hitachi 
Toshiba 
Fuji Electric 
Mitsubishi 
NKK 

Kyushu Electric Power 
Nippon Steel 
Tokyo Electric Power 
Tokyo Gas 
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searchers, while othenjwere holding 






few research directors 
cold fusion as a source of energy^ 
that a major commitment, with dozens 
searchers, was premature. Their attitudes 
matched those in die Trigger public opinion 
survey (see sidebar on page 86). 
Encouraged by research results in 

1992 and 1993, MITT instituted a 
scaled up S30 million dollar program, 
announced at die Fourth International 
Conference on Cold Fusion (ICCF4). - 
Most NHEP members are taking part 
in the program, along with new par- 
ticipants, but a few of the original 
NHEP members have dropped out of 
the consortium. 

MTTI, NEDO, The Institute of 
Applied Energy 

The cold fusion research progr am 
will be conducted by die Institute of 
Applied Energy, established in 1978. 
This complicated set of relationships 
were shown in the viewgraph from 
Matsm's ICCF4 presentation, MTTI is 
at the top, followed by the New 
Energy Development Organization (NEDO), 
and then by die Institute of Applied Energy. 
NEDO will handle cooperation with foreign 
institutions. A steering committee within NE- 
DO will oversee research at the Institute, 
which has set up two new facilities dedicated 
to cold fusion: the R&D center, and the NHE 
laboratory. 

NEDO is a semi-private corporation estab- 
lished by MTTI in 1980 to nationalize Japan's 
remaining coal mining industries, and cany 
out R&D in new forms of energy. NEDO's 

1993 budget was $2.1 billion, including $725 
million for R&D, and $1.4 billion for coal in- 
dustry restnjeturing, and production of indus- 
trial alcohoL Run by the government, NEDO 
is an "implementing agency," with its budget 
appropriated by MTIX MITTs minister ap- 
proves projects and financial plans, and "ap- 
points ox appro ves of all NEDO officials, in- 
cluding its president NEDO works closely 
with the private sector. Senior council mem- 
bers include prominent experts from the pri- 
vate sector, and its capital is partly comprised 
of private sector investments. 

Quasi-governmental, quasi-private indus- 
trial organizations are common in Japan, and 
they are usually effective. The key to their 
success is that they have built-in industry 
support from the start Private industry is of- 
ten more careful with its investment dollars, 
and more realistic about the prospects for 
technology than the government 



Under the Japanese system, if a project 
cannot attract substantial financial and man- 
power contributions from private industry, it 
dies before it gets off the ground. Such pro- 
ejects are usually bad ideas, or boondoggles 
MifflTonly a bureaucrat could love. There is 
_ Joining Qinte~uTce these government and pri- 
&3Mte .teojperttive projects in U.S.; the 
mal^ Conooration was inspired by them. 
In reOTt years, it has become fashionable 
to cin^the ta Jspanese model** of Joint govern-, 
ment ihd priyme ^industry R&D. Many pro- 
j2® uSuted in Washington are supposedly: 
Ironically, fce^fo? 
jects r are based on a model that went out of 
stj^j^generatioftago in Japan; The^&i of thfe 
big^ojeS dominated by the government 



" The group recently 
concluded that excess heat 
was, indeed, generated in 
cold fusion experiments, 
although it is not sure 
exactly how the process 
works* The research is 
aimed at finding this out" 



ended when private corporations grew into 
world class organizations strong enough to 
cany out practically any project themselves. 
There are still joint projects, but they are 
smaller, more nimble, and more oriented to 
futuristic technology than nuts and bolts in- 
dustrial planning. 

NEDO conducts an amazing variety of 
R&D programs, some having little or nothing 
to do with energy. In joint ventures arrange- 
ments with private industry, it has established 
five dazzling laboratories engaged in some of 
the most high tech, advanced research I have 
ever heard of: the Ion Engineering Center, 
the Research Center for the Industrial 
Utilization of Marine Organisms; the Japan 
Microgravity Center, the Japan Ultra-high 
Temperature Materials Research Center and 
the Applied Laser Engineering Center. These 
labs combine many unusual high tech re- 
quirements, and no other facility in Japan can 
do the kinds of work they do. 

Cold fusion research is just another small 
part of NEDO's many programs. The initial 
research budget is only $30 million over four 
years, but there is great flexibility in the bud- 
get planning; if the experiments are a great 
success, the budget will be increased substan- 
tially. 

The R&D Center and NHE Laboratory are 
both being run by the Institute for Applied 
Energy, but they will be funded and support- 
ed in two different ways. The $30 million for 



the NHE laboratory will come from MTTI to 
NEDO to the Institute to the laboratory. Five 
corporations will contribute research man- 
power Mitsubishi, Hitachi, Toshiba, the 
Aishin Group, and Tanaka Kikinzoku. 
Researchers from these corporations will 
work together in the lab in joint research. The 
R&D Center, in Tokyo, win be supported by 
funds from a group of 20 corporations, the 
original members of the NHEP plus other 
utility companies. The R&D Center will fund 
"multiclient basic research** programs at na- 
tional laboratories and universities, as well as 
cooperation with foreign institutions. 
The viewgraphs and organization tables 
shown by Matsui at ICCF4 are a small part of 
the NEDO planning that wem imo' this ^new 
venture. A superb three-page plan-* 
ffig do^menr^vl^^has not yfjfe 
Swn translated into &j^l^);la^ out 
fit plan in ^hsiderable^ileffifc 1 
Compared to Nakatomi's hesitant, 
hbncomniitt2f{1992 statcm^nt^jth^-- 
NEDO plan? nes bold and direct Thn^ 
is because^^fl®^C i»S^pp< 
in the last two year^l^drime 
evidence is more solid, andT 
gering doubts about heat, and nuHear 
effects have been laid to rest 

Titled "Project to Clarify the 
Feasibility of New Hydrogen Energy 
as a Practical Source of Energy," the 
plan gets right to the point, laying ^ut 
a set of practical goals and strateg ks. 
It begins: "The New Energy uad 
Industrial Technology Development 
Organization (NEDO) has embarfced 
upon a research and development 
project to determine whether die form of en- 
ergy we call 'new hydrogen energy' can be 
made into a practical source of industrial en- 
ergy. This energy occurs in the form of ex- 
cess heat, apparently when heavy hydrogen is 
absorbed in metal lattices. 

"Purpose of the research: In 1989, 
Professors Martin Fleischmann of 
Southampton University (UK) and Stanley 
Pons, of the University of Utah (U.S.) an- 
nounced the discovery of a new phenomenon. 
When heavy water is electrolysized with a 
palladium cathode, excess heat is created. 
Since the announcement, this experiment was 
replicated by a large number of researchers, 
to the point where reproducibility is now 
close to perfection. In some cases, the excess 
energies have been too large to be any form 
of chemical energy, so it is now thought to be 
some heretofore undiscovered new reaction. 

This reaction produces energy at levels, 
commensurate with a nuclear reaction, and it ' 
consumes as fuel heavy water, which is avail- 
able in virtually limitless supplies. It is hoped 
that this will become a major new form of en- 
ergy..." 

NEDO's planned experiments are almost 
all in the mainstream of "conventional" cold 
fusion. The emphasis will be on the original 
Pons-Fleischmann style heavy water palladi- 
um electrochemical cold fusion cells. A care- 
fully coordinated set of experiments is 
planned with sophisticated on-line, in-situ de- 



COLD FUSION 27 



the following speech was delivered by the late Mr. Minora 
Toyoda during the Third Annual Conference on Cold Fusion 
banquet in Nagoya, Japan, on October 23, 1992. Born August 3, 
1923, died on December 15,1992. He was a senior member of 
the Toyoda family, the founders and principal owners of the 
Toyota Motor Company. Before his passing, he was Honorary 
Advisor to ail of the Aisin family industries (Toyota subsidiaries), 
including Technova, lnc*-Eds 



y name is Minora Toyoda, and I am the Honorary 
Chairman of Technova, incorporated. 




as* 



I was invited by Professor Dcegami, chairman of the committee 
of this international conference, to the dinner tonight, but because 



. . ' of a slight problem with my health, the doctor has advised me to 
/^excuse myself from official functions. I sincerely regret that I 
will not be able to enjoy meeting and conversing with ail of you. 
V I have asked Mr. Kyotani, Chairman of Technova, to kindly read 

this message expressing my convictions, on my behalf. 
^ -/ I am delighted that the Third International Conference on Cold 
*; v Fusion is being held on such a grand scale here, in the city of 
Nagoya, Japan. I am pleased to welcome eminent cold fusion re- 
searchers from all over the world. It is my fondest hope that you 
will be able to exchange ideas and information in spirited, open, 
and productive debates. 

For a long time, I have held the strong belief that equitable 
growth in the world economy during the 21st century will only 
* be achieved by the harmonious development of science and tech- 
nology, through international cooperation. 

To make this belief a reality, I established Technova in Tokyo 
in May 1978, as an organization: that would have complete free- 



dom to participate in the international forum of research. During 
the 14 years since its inception, in die ever-changing world of in- 
ternational research, we have made steady progress, thanks to the 
help of some of the best minds in the world. 

Technova has been very active in the development and appli- 
cation of advanced technology* and in adapting advanced tech- 
nology to practical uses. We have also actively promoted the in- 
ternational interchange of technology and ideas. Technova* s staff 
and advisors have made continuous progress, leaving their mark 
both nationally and internationally. 

; I recall that in June 1982, at the Eighth Annual Summit of , 
Developed Nations in Paris, French President Mitterand stressed 
die necessity for cooperation between science and technology. I 
examined future trends, and envisioned an ever-growing need for 
progress through the promotion of science and technology. With 
the cooperation of my many Mends from beyond our borders, in 
Jury 1985 I established IMRA Europe, an international research 
and development laboratory located in Sophia Antipolis, a re- 
search park in the suburbs of Nice, France. The laboratory began 
operations in June 1988, and has been actively involved in ad- 
vanced research, mainly in the field of energy. 

When I established IMRA Europe, I had a vision, world-wide 
in focus, to set up a global structure for the development of future 
technology. I named this project the "IMRA Plan. 9 * It had its re- 
search base in Japan, Europe, the U.S., and Asia under the same 
name IMRA. 

Its purpose was to network these four regions together in order 
to make more efficient use of human resources by exchanging 
people and ideas, while winning the world's confidence to 
achieve our goals. This plan progressed steadily, and now IMRA 
Japan, IMRA Europe, and IMRA America have already begun 
work. Today, we are planning the establishment of IMRA Asia. 



lectors for helium, tritium, and other parti- 
cles. Also in die works are extensive materi- 
als sciences studies of cathode material 

The technical goals NEDO hopes to ac- 
complish during the three-year schedule are 
in two categories: work with the excess heat 
phenomenon; and materials science, but ex- 
cess heat is their main focus. Scientists hope 
to improve reproducability, measure reaction 
products, like helium and tritium, and identi- 
fy and quantify control factors such as load- 
ing and temperature. 

These issues have been the main focus of 
cold fusion research from the beginning — 
particularly mainstream research at pi; 
like SRI and IMRA. A great deal o 
has already been made in these^reasranC : 
NEDO will continue *- ^^^^^-H 
and finish the job. _ 
Some-geople Tin8 the^pac^§f ! 

J&litfie 

this is so^^b^orTthe 

ihard to argfig^ 

;h has ypilx^l$lwbut 
^^gan^j^^base 1 of 





-juand^old fusion pioneer 
inojbrSokkaido University 
jriy established NEDO labs in 
nuary, Reporting that 12 palladium heavy 
r cells are up and running, six open, and 
^ix in closed-cell configurations. The experi- 
ments use conventional, "safe", old approach- 



es, but Mizuno expects the program will in- 
clude leading edge approaches, like his own 
work in ceramic material proton conductors. 

NEDO's other activities include: research 
support in the national laboratories, both lab* 
oratory work and theoretical studies; estab- 
lishment of a database of scientific papers^ 
and information on cold fusion; coordination* 
with overseas institutions, particularly EPRI;^ 
promotion of the 
information. 




m^ukuyuugou'O. 
^ta^ina^ official vo- 



pie^^^gen Energy" On Japanese, ' 



ng the effect NHE: 
shin 

suisou 

j^MTn adopted "new hydrogen energy" for 
" several reasons. It represents a fresh start, and 
avoids any controversy surrounding die term 
"cold fusion." NHE is a neutral term fitting 
whatever form of energy this actually is. 

Many American and European scientists, 
including Hagelstein of MIT, and Storms, of 
Los Alamos National Laboratory, have also 
advocated a name change for these same rea- 
sons. Also, I suppose, the NHE planners are 
hoping the neutral term "NHE" will help in 



the turf war within MTTL They aref f 
in effect, that they are not competing with hot 
fusion because this is not "rusu^^h*s^Hw 
HydrogenEnergy. 



While tie'term they use!] 
can be no doubt thai uWefiect MTEL anffl^ 
.^ refer^to is" rest p^ns^call^cold 

^sion." "The! NEDO planning-document 
Snakes trus ^earJ Right up front they referte 

ignized and chanSenzeil by massive ex- 
iTie^farl«yoi4^ limits of chemistry. 



t support; private Industry 



Ipphere is no question cold fusion research: 
enjoys quiet support from mainstream 
physics societies in Japan, that many corpora- 
tions are working in die field, and that many 
others are interested in it ICCF3's sponsor 
and attendance list proves that! 
[See attached list] Support did not start in 
1992, either. In September 1991, 1 called the 
Atomic Energy Society a few weeks before 
their annual conference, asking for the agen- 
da for the fusion meetings. The secretary 
asked, "hot or cold?" I received agendas for 
both, but naturally ,there were more hot fusion 
papers scheduled than cold fusion. There was 
a half-day cold fusion session, with 10 pre- 
sentations. No comparable U.S. physics soci- 
ety would allow even one paper. 
Editors at major Japanese science journals 
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/Cold fusion is not just something to be 
studied by a single enterprise or a Single 
nation. I am confident it will become a 
precious asset to all mankind, as the 
ultimate, ideal form of energy, so it should be 
shared among all the nations of the earth/ 



Thus, I have enthusiastically put my heart into promoting the 
development of future technology. At the same time, I have al- 
ways felt anxious about the issue of alternative energy. The dire 
need to replace drained petroleum resources is a stark warning 
for the 21st century. 

I felt strongly concerned in March 1989, when Dr. 
Fleischmann and Dr. Pons announced the cold fusion phenome- 
na. Fortunately, I found an opportunity to invite both professors 
to Japan, where we became good Mends. After close conversa- 
tions with them, I became even more firmly convinced of the 
importanc e of cold fusion. 

Later, when Technova received a joint research proposal 
from Professors Fleischmann and Pons, I was determined to do 
eveything I could to offer them_an opportunity to work to their 
hearts' content, and allow diem to become totally, engrossed in 



the research. It was my judgment that 
IMRA Europe in Nice would be the 
ideal environment for them. So I of- 
fered this facility, and now they are giv- 
ing their undivided attention to advanc- 
ing their research there. 

F urth er mor e, ia July [1992], to ad- 
vance cold fusion research more effec- 
tively, we opened IMRA Japan in the 
New Sapporo Technology Park, 
Hokkaido. With the cooperation of vari- 
ous experts, we are working on cold fu- 
sion right here in Japan* 

To assure the success of a technolo- 
gy, obviously, there must be support 
from a wide variety of scientific fields. 
In other words, the harmonious devel- 
opment of science and technology is precisely the right way to 
achieve valuable results which can contribute to mankind, The 
reason we support cold fusion research actively is because, as a 
business enterprise, we feel we must contribute more to science. 

Cold fusion is not just something to be studied by a single en- 
terprise or a single nation. I am confident it will become a pre- 
cious asset to all mankind, as the ultimate, ideal form of energy, 
so it should be shared among all the nations of the earth. 

Therefore, this is my hope, and my message to you, the cold 
fusion researchers: Please continue to work with all your might 
to make this new form of energy a reality, because you offer 
such hope to the coming generations of the 21st century. You 
will help diem fulfill their greatest dreams and am&itions for the 
future. Thank you for your attention. ; ; L 



take cold fusion seriously, regularly publish- 
ing papers on the topic. A good source of sci- 
entific papers is the Ministry of Education's 
Jouon Kakuyuugou No Sougou Kenkyuu, 
Government Publication No. 02305015, 359 
pages, edited by H. Bcegami. A collection of 
reprinted papers from 1990 and 1991, it is 
mostly in Japanese, with some papers in 

English, 

One of Japan's leading scientific journals 
is Oyou Butsuri (The Japanese Journal of 
Applied Physics). It has published articles 
about cold fusion, starting in November, 
:|989 4 TheJuly 1993 issue, Vol 62, No. 7, ran 



Institute for Fusion Science (NIFS), which is 
slated to become die home of Japan's next 
generation tokamak hot fusion reactor. In a 
June, 1992 article in Aera magazine, science 
journalist Atsuko Tsuji quoted Ike garni: 
"Officially, we aren't supposed to study cold 
fusion. . She pointed out: 

"The National Institute is pushing a plan to 
spend nearly 100 billion yen [$900 million] 
to build a plasma fusion machine. If it were 
possible to create a fusion reaction on a bud- 
get only one thousandth of that, the very exis- 
tence of the National Institute would be 
called into question.'* 

Opposition is still active, but it is increas- 
ingly ineffective. Many of the scientists ex- 
isingSg&fperation or contempt for cold 
ion a^^gli^CTgy^^cle physicists. 




ele quo ted ^ ^ 

opponents, d^Tnng 

attempts to stop cold fusion as "petty bureau^ 
cratic squabbling." 

A cold awakening? 

The fact that cold fusion threatens to put 
hot fusion out of business, is not lost on any- 
one. Dcegami, one of the world's leading hot 
fusion scientists, is a professor at the National 



venomous, anonymous attack on cold fusion 
in the Applied Physics Society Letters. 
Fortunately, this kind of opposition is becom- 
ing rare in Japan. 

The cold fusion arena 

The big questions Americans always ask 
are: How many people are working on cold 
fusion in Japan? How much are they 
spending? How many companies are working 
onit? 

My answers are honest, but disappointing: 
Nobody knows. 

There is no way to tell. We can only 
estimate by counting the number of 
conference attendees, and those publishing 
papers, or filing patents, giving a rough count 
people working full-time on cold 
[ultipf||500 by the average salary, 
J^qdfraent costs and you 
rip|inntt^ of i 



*Od|mbnaI^^tt^^e^cal opponent 
surface? trying^evsame^rty tricks that 
worked so well in the U.S., such as innuendo, 
ad hominem personal attacks, distortion, and;-, 
so on — tactics more common in the early" 
days in 1989 and 1990. Usually, the Fight is 
conducted quietly, but twice in 1993 it broke 
out into the open: once in a strange NHK 
television science documentary, and once in a 




At the Second In* ^ 
Cold Fusion (ICCF2) in Jffi»1991, in 

"There are more than iOO sctotistiat ^- 
sent working on cold fusion in Japanrspah^ 
ning more than 40 universities and institu- 
tions. They are organized into about 20 
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Japan, IMRA Material R&D ta^ Japan Develppme^ 
Corporation (Nuclear Advanced Technology ^-^^^ 



Electric Power Co, lnc£ Mitsubishi Atomic Power Industries,! 



Inc., MitsubisM I^v^^ Materials 
• CorporationTtfit^^ " " 



ference onCold 



Corporation, Nippon, 
Also, NTT Basfi? 

Laboratories Ni 
; Ltd., OsakauGaf _ 
-Electrode I^iP^oe^Reacly 



I^N^i- 
axch;XaboratoriesV 





om 



;£inai*fi^^3^ 

Sjairi^Sw^^ 

!T.The : ^ . Technology; 

apairasdentifcsoc^^ "University, K; 

Nagoya University^ 
Nippon BunrC l^ 
Iiistitute of Electrical ~~ — - - . - 



' ra'ofJa^;;^ 
? Chemical Soci^ ^ J^pan^ ^^fi; - : 
The Hectrochcrnical Society of Japan 
r The Japan Society of Plasma Science and Nuclear Fusion 
^Research ' 




fef^: - Additioiial'sponsors included: v '•■ ' ;: - :v - ; 
ffr^Aichi Prefectural Government, Aisin AW Co., Ltd., Aisin 
j^Seiki Co., Ltd., Central Research Institute of Electric .Power 
^ industry, Daido Steel Co^ LttL, Digital Equipment Corporation, 
Canon, Japan Godo Steel Ltd., Kubota Corporation, Kyoei Steel 
^SLtd*. Mitsubishi, Materials Corporation, Mitsubishi Research 
^nsainite, Inc^ Mitsubishi St^^ Nagoya City Hall, 

\i\ |psiakatomiv$^ 

II §|^G>rpo^ Industries* LtdV 

f Tanaka Kikin^ku Kogy o^K^ 
# vPower Companies, The Japan Sted Woifci Ltdl^TheTo^o Club 
.^ Toho, Sanso Ca Ltd, Tokyo Gas Co; Ltd,, Toshi^^ 
' r and ULVAC Japan Ltd. " 

. The conference was dominated by Japanese participation- More 
than 203 Japanese scientists, engine^antii^^ 



Univereity, Qsa^ _ 
Shizuoka tlniyeraityg^ 

Radioisotope Center); Tohoku"*University (Institute for Materials y 
Research), Tohoku University (Laboratory for Nuclear Science), v 
Tokai University, Tokyo Institute of Technology? Tokycf^ 
Metropolitan University, Tokyo Naiipnal College ofTedmok^^ 
Tokyo University of Agriculture and Technolojgy^ X Sttkub a 1 
University, University of Osaka, Prefecture Umversity of T<^iC 
(Meson Science Laboratory), University of Tokyo (Depc of 
Nuclear Engineering), Utsunomiya University, Was eda 
University, Yokohama National University* 

Other Japanese Institutions and Agencies represented weire: 
sAsian Office,b#A^spaTO 

./fiinlngi'ggl and A gri rail niral Rgg^e^ Tnifetiim, Pgnfral Research;^ 

^Institute ,pf^ Applied J 

Electric ; Power ^ 

Science, National Laboratory for High Energy Physics, New^ « 
Energy & Industrial Tephnology Development Organization, ^ 
Nomura Research Institute, Ltd., (Investment Research Dept), 
Osaka Science.and Te^npipgy Center, . , ^s^jg&gj^ 



The Institute o£|%^^;ai^ Chemic^ Research, 



I:/ jyell-lmown and Uttie-known Japa / A Research Cente^|^^^^^4^.'i "Si 

||^Air Liquide Lab, Aisin Newhard the%5po^ 



Aisni^ 




members:of the Ministry 
s' ppld fusion R&D consortium. 



^PnteElj^ 

. Industrie, L^^ E^ Mitsubishi Power Nippon Steel, Tokyo 

pResearch Co^LtcL, Puji Electric ^ Electric Po^ Tok^J^^^^ Gas,* NTT, Aisin Seiki (a subr 

\ Systems Division), Honda R&D Company , Horiba, Ltdl, ^ IMRA sidiary of Toyota),. Kepco Power, and Mitsul^hi Materials, 



research groups which collaborate to carry 
out the experiments. Only three groups, 
Yokohama National University, Tokyo 
University of Agriculture and Technology, 
and IMRA Japan, are working exclusively 
on excess heat, while the others mostly study 
fusion products (neutrons and charged parti- 
cles such as tritium, protons, and helium-3)." 

There are about six times more scientists 
in the field now than in 199L Most of the in- 
crease is in private industry, rather than gov- 
ernment national laboratories and universi- 
ties. There is no way to gauge the precise 
extent of academic funding for cold fusion in 
Japan because most of the work is done by 
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professors in national universities. There is 
no central accounting for them, and no cen- 
tral control over their research activities. 
They are independent They have tenure, and 
they have the use of fully-equipped laborato- 
ries. If they can interest a graduate student or 
two, they can get plenty of enthusiastic help. 

Full professors get $45,000 yearly in dis- 
cretionary funds to buy whatever equipment 
they want. Akito Takahashi, of Osaka 
National University, jokingly referred to this 
amount as "sparrow tears," but $45,000 can 
go a long way in a cold fusion experiment 
when one already has a fully-equipped lab. 
MITI provides grants for cold fusion re- 



search at national laboratories to cover the 
cost of special equipment and other expenses 
that exceed discretionary fund levels. 

There weren't quite as many Japanese 
companies represented at Maui in 1993 as 
there were in Nagoya, geographical distance 
being the main reason. Also, some of the 
Nagoya attendees only came to satisfy their 
curiosity. Some were not performing re- 
search in this field — they were just curious. 
In 1983, Ikegami guessed that about 20 com- 
panies are seriously working in this field. 
But a "serious" cold fusion project takes 
many millions of dollars. 

Perhaps there are only 20 big companies 



with multimillion dollar projects underway, 
perhaps more. As far as is known, IMRA is 
the only Japanese company with two dedi- 
cated' cold fusion labs and dozens of scien- 
tists working in the field, but there could be 
10, 20, or 30 other companies with dedicated 
labs. No one has any real way of knowing.. 
Corporations aren't in the habit of divulging 
information about important, competitive 
R&D efforts. Most such research remains se- 
cret until patents are granted, or finished 
products are revealed 

Judging from corporations* published pa- 
pers, patents filed, and representatives at 
conferences, it's safe to estimate there are 
some 450 people working on cold fusion in 
private industry. Suffice it to say there is sig- 
nificant research going on behind closed 
doors. 

The clarion call to science 

Hideo Ikegamf s introduction to the Third 
Annual Conference Proceedings on cold fu- 
sion reflects the deep-seated hope that drives 
scientists to work in this field — year after 
year, in spite of the immense difficulties. 

44 At the conference, the video produced by 
Drs. Fleischrnann and Pons allowed us to see 
that a controllable excess heat generator was 
already at hand. These remarkable efforts 
were confirmed thanks to the efforts of Dr. 
McKubre, Dr. Takahashi, Dr. Kunimatsu, 
and Dr. Storms, who along with Drs. 
Fleischrnann and Pons, reported on their 
work at the conference and offered extensive 
documentation of their experiments. 

"It is my belief that cold fusion will be- 
come one of the most important subjects in 
science," Ikegami continued, "one for which 
we have been working so patiently, with 
dedication and courage, for future genera- 
tions..." 

What really drives scientists, though, is 
not an urge to help future generations. They 
conduct frustrating, difficult experiments 
year after year because it's fun. It is what 
Oppenheimer called "a sweet problem." 

Makoto Okamoto, of the Tokyo Institute 
of Technology, worked for a solid year with 
no results. Just as he was thinking of quit- 
ting, he finally got several positive neutron 
detections in succession. Atsuko Tsuji quotes 
hinu 

w You might call it a miracle. Once you 
have seen it happen, everyone in die lab be- 
comes fascinated by the phenomenon, and 
you can't give it up. You can't let go." 

Popular press coverage; the occasional big 
splash 

News of cold fusion does not appear in die 
popular Japanese newspapers and magazines 
every day. Far from it There are probably 
two or three dozen articles a year about it, 
ranging from a paragraph or two, to in-depth 
interviews with leading scientists in the field. 

Japan witnessed a burst of excitement over 
cold fusion in 1989, similar to that seen in 
the U.S. and Europe, followed by angry de- 
bate. Japanese cold fusion scientists who 
have been in it from the beginning, like 



Mizuho, say the situation was not at all 
pleasant, but didn't begin to compare to the 
emotional flood in the U.S. 

Articles tend to come in spates, after a 
conference, or after some breakthrough is 
announced. Sometimes, the breakthrough is 
more in die minds of the journalists than the 
scientists. Scientists usually take a year or 
two to decide whether an experimental result 
really is an important breakthrough. 
Newspapers look for quick resolutions of the 
issues. They want to know who is winning, 
who is losing, what's hot, and what's not. 
Periodically, they "rediscover" the field with 
renewed enthusiasm, apparently hoping for a 
return of the 1989 fever— the last thing any 
scientist in the field wants to see. hi March 
1992, headlines in a Yomiuri article specu- 
lated: 

"Low temperature fusion: Will it boom 
again? Lack of neutrons, the mystery 
deepens." 

It's safe to say that scientists generally 
hope the cold fusion field doesn't "boonT 
again the way it did in 1989. 

The best in-depth technical articles for the 
general reader appear in Trigger. The March 
1993 edition, Vol. 12, No. 3 banners on die 
coven "A special edition on die Cold Fusion 
Revolution," and includes six excellent arti- 
cles. The May 1993 edition, Vol 12, No. 6 
ran a three-page article describing the special 
meeting'of the Electrochemical Society, in 
March 1993, devoted to cold fusion. Some 
good technical articles and notes have ap- 
peared in the Japanese edition of Scientific 
American* 

Well-written technical articles geared for 
the general reader have appeared from time 
to time in every major Japanese newspaper, 
and in many different magazines, including 
Japan's leading monthly Bungei Shunju* the 
Asahi weekly magazine Aera, the Japanese 
edition of Playboy, and many others. 

Cold fusion scientists sometimes write ar- 
ticles for magazines or newspaper columns, 
and they are often interviewed. A good case 
in point was Bart magazine, which published 
a three-page interview with Dr. Eugene 
Mallove in its April 1993 issue. 

Most popular books and articles about 
cold fusion in Japan are neutral or positive. 
Authors usually accept as fact that the heat is 
real — and beyond the limits of chemistry; A 
few articles, however, still question the reali- 
ty of die effect The only extremist, negative 
book yet published in Japan is a translation 
of Gary Taubes' book Bad Science. It was 
reviewed in the January 1994 Yomiuri by 
Mitsuhiko Tanaka, who seems puzzled by it. 

Tanaka naively asks why Pons and 
Fleischrnann were not interviewed in the 
book, and says, "If the descriptions of the re- 
search in this book really are accurate, the 
scientists are not the only ones who should 
be roundly criticized..." At least Tanaka 
leaves the question open; he has some doubt 
about the veracity of the reporting. It's pretty 
well accepted that almost every U.S. review- 
er fell for Taubes' story, hook, line and 
sinker. 




Jed Rothwell 



The weekly science page in die Yomiuri 
newspaper is fun to read. Editors, opinion 
makers, and ordinary people gung-ho about 
the future in Japan tend to enjoy technology. 
Yomiuri talks about the latest gadgets and 
discoveries, matters of a practical nature, 
such as promising new medical treatments, 
earthquake prediction, or advances in fiber 
optics and how they will contribute to the in- 
formation highway. 

This is quite a contrast to the New York 
Times weekly Science Times page, which 
features obscure articles about evolution, 
bizarre, esoteric articles about "string theo- 
ries,*' and catastrophic, end-of-the world pre- 
dictions about gigantic meteorite strikes in 
the earth's atmosphere. 

The Japanese press never declares that 
cold fusion is a sure thing. It never trumpets 
cold fusion as a panacea. I have not seen one 
article predict that cold fusion, will replace 
all other forms of energy. But, year after 
year, factual, low-key articles in newspapers, 
news magazines, and science magazines pre- 
sent the facts about cold fusion break- 
throughs. 

Newspapers cautiously endorse the 
research, saying it is definitely worth 
pursuing, at careful, low levels of funding. 
The press acknowledges that it might 
become a practical source of energy. That 
prospect is never far from anyone's mind, so 
the press strongly advocates more research to 
get to die bottom of it 

Some leading science magazines are more 
enthusiastic about cold fusion than the news- 
papers, particularly Trigger, whose April 
1993 cover boldly declared: "The Cold 
Fusion Revolution is Here!" and ran six in- 
depth articles. Three articles appeared in die 
June issue, ail excellent, factual, busi- 
nesslike, and pragmatic. 

The revolution is in physics and science. 
Trigger's editorial stance is that cold fusion 
is a proven, nuclear reaction, but makes no 
predictions that cold fusion will be a practi- 
cal source of energy. Like the rest of the 
Japanese press, Trigger has adopted a wait 
and see attitude. 

For science, technology, business, and 
even the media, Japan's soil is fertile for 
cold fusion. 
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B y the sea at Maui— cold fusion 
conferences as far as the eye could 
see. The International Conferences 
on Cold Fusion have become mile- 
stones in a rapidly expanding field. The 
'Fourth International Conference on Cold 
Fusion (ICCF4), held on Maui, December 
6-9, 1993, did not disappoint At the very 
beautiful Hyatt Regency in Lahaina, dozens 
of researchers announced landmark and 
breakthrough results. How fitting this time 
to have a cold fusion conference on a beau- 
tiful island surrounded by the fuel of the fu- 
ture. ' 

In the" background of Maui were sweet 
and bitter memories of earlier cold fusion 
conferences. One year after the March 23, 
1989, cold fusion announcement, the First 
Annual Conference on Cold Fusion con- 
vened in Salt Lake City amid loud contro- 
versy. Nature magazine sent no reporter, 
but still felt free to attack the conference in 
its editorials. Robert Park of the American 
Physical Society on national television 
called that meeting a "seance of true believ- 
ers." 

The more serene Second International 
Conference on Cold Fusion (1CCF2) was 
held in Como, Italy, June— July, 1991. 
Nagoya, Japan, was the venue of ICCF3 in 
late October 1992, which had the full sup- 
port of the Japanese scientific establish- 
ment The Maui conference was sponsored 
by the U.S. Electric Power Research 
Institute (EPRI) of Palo Alto, California, the 
research arm of the American electric utility 
industry, which continues to fund cold fu- 
sion research at SRI International and else- 
where. 

Futur&.C4dfi fusion conferences will con- 
tinue the custom of following a rotation: 
U.S., Europe, and Asia. At the conclusion 
of the Maui conference, the Organizing 
Committee announced that ICCF5 will be 
held in the spring of 1995 in Nice, France, 
and ICCF6 in Beijing, China, thus fulfilling 
the strong wishes of the Chinese researchers 
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and government to host a cold fusion con- 
ference. 

The four-day conference consisted of 
morning plenary sessions— each with five 
or six speakers. The afternoons featured for 
the first time parallel sessions, eg. one ses- 
sion devoted to calorimetry, one to theory, 
one to nuclear effects, and one to materials, 
in various combinations for the different 
days. A measure of how mature the cold fu- 
sion field has become is that it required par- 
allel specialist sessions. Thus, it became im- 
possible, for the first time, for one person to 
take in everything. The scope of the confer- 
ence encompassed almost 300 participants, 
and more than 1 50 technical paper presenta- 
tions. A technical poster room was open 
throughout the conference. On the afternoon 
of the closing day, a panel session of partic- 
ipants summed up ICCF4. 

Since it is obviously impossible 
in a very short space to relate all 
that took place at the conference, 
this is a modest attempt to recall 
some of the most significant find- 
ings and events. To illustrate the 
depth and breadth of activities, we 
have appended the pre-conference 
listing of papers, which was neces- 
sarily incomplete. Also, Professor 
Robert A. Huggins of the 
Department of Materials Science 
at Stanford University, an early pi- 
oneer in the cold fusion field, has 
graciously provided "Cold 
Fusion" Magazine with his im- 
pressions of ICCF4, which we 
reprint after this overview of IC- 
CF4 highlights. Professor Huggins 
writes of the conference from the 
special viewpoint of a materials 
scientist 



Mitsubishi Heavy industries, Hitachi, 
Toshiba, Nippon Steel, Aishin Group 
(Toyota), Tanaka Kikinzoku, NTT, IK, and 
NFL The organizational chart shows that 
MTTI will provide the research funding to 
the New Energy Development Organization 
(NEDO), which will have under it the 
Institute of Applied Energy— the R&D cen- 
ter for the NHE project based in Tokyo and 
the NHE Laboratory in Sapporo. 
Cooperation with EPRI and SRI 
International in die U.S. is explicitly provid- 
ed for. 

Cold fusion with solid state devices 

One of the most startling developments at 
ICCF4, one which has already captured the 
attention of the Japanese press, was that the 
cold fusion effect can be produced at a high 
level in a solid ceramic material, such as a 




Japan's New Hydrogen Energy 
(NHE) Research Program 

During the first morning session, 
Dr. K. Matsui, director of the R&D 
Center for New Hydrogen Energy in 
the Institute of Applied Energy in Tokyo, 
announced that the NHE program would be 
launched to "clarify the feasibility of NHE 
as one of the future energy sources." The 
period of the project: November 1993 — 
March 1997. The budget; $30 million dol- 
lars for four years. [This is a budget request, 
for which confidence exists that it will be 
granted.] Leading industries are involved: 
Ten (10) electric utilities, plus Tokyo Gas, 



Roger Stringham, visiting at Los Alamos National 
Laboratory in 1993, conducts a "microfusion" 
experiment with the E-Quest device. 



strontium-cerium-oxide "proton conductor." 
These materials are similar to high-tempera- 
ture superconductors. Professor T. Mizuno 
and his group at Hokkaido University have 
tested these "solid electrolyte" plates main- 
tained at 300 to 400*C. Excess heat on the 
order of 100 watts per square centimeter 
emerged during absorption-desorption cy- 
cles of deuterium-containing hydrogen gas 
under the application of an alternating eiec- 
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trie field. Excess heat amounting to 50 watts 
for some 20 hours was achieved. The input 
electric power was tiny — about 12 x 10 -1 
watts. The power ratio was thus a huge 
70,000. This devicjp was only 0.8 cm in di- 
ameter and 0.1 on thick. 

True, the Mizuno solid-state device re- 
quires elevated temperatures of a few hun- 
dred degrees C for the excess power to 
emerge, provided in this experiment by a 
separate electrical resistance heater. In a 
practical implementation, the reaction cham- 
ber would be well-insulated so that the ener- 
gy of the reaction would self-heat the ceram- 
ic, unlike in Mizuno's experimental 
apparatus where heat transfer to the environ- 
ment was large. 

"Independently of Mizuno et al, Jean-Paul 
Siberian of R&D International, Orinda, 

lalifornia, had a poster display on his "Solid 
;;tate Cold Fusion** device made of AlLa0 3 , 
aluminum lanthanum oxide. He, too, has ob- 
served what appears to be copious excess 
heat evolution in a deuterium atmosphere. It 
appears that he is able to achieve 500 
watts/cm 3 from his small wafer crystals, with 
a total output power of tens to a few hundred 
watts. The excess heat is highly repro- 
ducible. The originator of this work, accord- 
ing to Biblrian, was F. Forrat in France, 
who took out French patents in 1989 and 
1990. 

Confirmation of excess heat in 
ordinary water 

The Indian group at the Bhabha Atomic 
Research Center (B ARC) brilliantly con- 
nrmed its earlier series of tests with ordinary 
water. They continue to get excess heat and, 
in many cases, tritium above background 
level Itey have even made a serendipitous 
discovery: that stainless steel poisons the 
process and prevents excess heat evolution. 
The group studied different types of nickel. 
Out of a series of 28 cells, 14 showed excess 
heat Excess power in these cells was in the 
range 0.2 to 0.7 watt 

The BARC group has used off-the-shelf 
consumer "thermos bottles'* to conduct its 
experiments. The thermal characteristics of 
the standard internally aluminized thermos 
bottles is typically 20-35*C temperature dif- 
ferential (between inside and ambient) per 
watt of input power (i.e., 20-35'C/watt). The 
group now reports a simple technique of de 
aiuminizing the thermos bottles with nitric 
acid. This allows the cells to reach steady 
state temperature within 10 hours instead of 



the 24 hours required earlier, die calibration 
constant now is 7-10*C/watL 

Dr. Srinivasan told this author that almost 
everyone at BARC now accepts the reality 
of cold fusion. He is planning eventually to 
put together a "kit" that will allow any ex- 
perimenter to observe the cold fusion excess 
heat effect in light water— with >90% confi- 
dence. Dr. Srinivasan currently is on leave 
from BARC and is working at SRI 
International to help that group perform or- 
dinary water-nickel experiments. 

Electrochemist Dr. Reiko Notoya of 
Hokkaido University also has achieved ex- 
cess heat in ordinary water/and like the 
BARC researchers, finds tritium above 
background level. 

The team of Professors Robert Bush and 
Robert Eagleton of California Polytechnic 
University continues to report excess heat 
results in electrolysis with light water and 
potassium carbonate, as well as sodium car- 
bonate electrolyte. The excess heat found in 
sodium-carbonate cells— a finding also of 
the BARC group— runs contrary to the 
claim of Dr. Randeil Mills of 
HydroCatalysis Power Corporation in 
Lancaster, Pennsylvania, that no such excess 
is found in sodium carbonate solution, one 
of the requirements of Dr. Mills* electrocat- 
alytic ("shrunken" hydrogen atom) theory 
for explaining excess heat. 

Bush and Eagleton performed experi- 
ments in special "de-deuterated" light water 
having only 1% of the normal trace heavy 
water content These tests, they say, prove 
there is a "genuine light water excess heat 
effect," because the de-deuterated light wa- 
ter cells gave the same order of excess heat 
as the ordinary light water cells. 

The most remarkable claim of Bush and 
Eagleton is a seemingly definitive experi- 
ment demonstrating that rubidium (from ru- 
bidium carbonate electrolyte) transmutes in- 
to strontium during excess heat experiments. 
Examination of the strontium isotopes in the 
solution showed "statistically-significant en- 
hancements in the ratio of ™S T to a S r relative 
to the natural abundance ratio," i.e., by 325 
standard deviations. The claim is that this 
rules out contamination from possible natur- 
al sources of strontium. 

Heat After death 

This follows work reported in Pons* and 
Fleischmann's May 3, 1993 Physics Letters 
A paper on heavy water cells that go to 
boiling, boil away virtually all of the heavy 



water, and then remain at 100*C for three 
hours without electric current input This 
high temperature in the open dewar cell — 
caused by an electrode obviously hotter 
than the 100*C of the vapor in the cell— has 
been found to occur for much longer peri- 
ods, for 40 hours or more. Other work 
reported at the conference (or hinted at as 
"work in progress") suggests that various 
materials, including special types of ceram- 
ics in deuterium atmospheres, can remain 
hot for long periods with minimal or 
absolutely no current input This remarkable 
phenomenon of "heat after death," i.e., 
infinite power ratio, may well become a 
primary direction in a variety of cold fusion 
systems. 

Triggering cold fusion by radio frequency 
stimulation and magnetic fields 

Drs. John Bockris, Dennis Letts, and 
Dennis Cravens separately discussed the as- 
tonishing new finding, discovered by Dennis 
Letts, that radiofrequency stimulation (RF) 
in the MHz range (around 82, 365, and 533 
MHz) produces excess heat in electrochemi- 
cal cold fusion experiments. In particular, 
RF stimulation must be applied at precise 
frequencies to bring about the effect, and the 
effect typically occurs within 30 minutes of 
imposition of the RF. The power levels of 
RF imposed on various cells were low, in 
the range 10— 300 milliwatts. Magnetic 
fields, either from permanent magnets or 
electromagnets, also seem to enhance heat 
production. 

Heat production with multi-layer 
thin-film electrodes 

Professor George H. Miley, et al. Fusion 
Studies Laboratory, University of Illinois, 
have developed a unique process to coat a 
stainless steel plate electrode (25 mm x 25 
mm x 3 mm) with alternating layers of 
titanium and palladium, which are deposited 
by a special electron-beam evaporation 
method. The layers have a total thickness 
of only 100 Angstrom units, topped off by a 
60 Angstrom thick layer of chromium to 
"act as a barrier to retain a high loading 
of deuterium or hydrogen." In the reported 
experiments they work with light water 
and LiOH electrolyte. They have achieved 
about 2 kilowatts/cc power production in 
these thin films. They have actually gone as 
high as 10 kW/cc, but the layers have a 
nasty habit of peeling off at these power 
levels. 
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Preliminary confirmations of the 
Kucherov et al glow discharge experiment 

r ~ Professor Peter Hagelstein of MIT's 
Department of Electrical Engineering and 
Computer Sciences showed one gamma ray 
emission line that this group attempting to 
replicate the Kucherov et al experiment 
thinks it has found—* 129 KeV feature that 
may represent the Td to ,05 Rh transmuta- 
tion found by Kucherov et al in Russia. This 
is only a very preliminary finding. 

A group known as "Space Exploration 
Associates" of Cedarville, Ohio, has ob- 
tained preliminary confirmation of gamma 
radiation in a Kucherov replication attempt 
The group was successful in seeing the 
gammas six times, with no failures. The 
MTT group is collaborating with them, 

A lovely quote from the team's preprint: 
**It is perhaps worthy to note that Fermi won 



(L to R):Dr. Talbot Chubb (Research Systems, Inc.), Dr. Yan 
Kucherov (ENECO), and Prof. Robert Huggins (Stanford 
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the Nobel prize for mistakenly believing 
that he had transmuted uranium by bom- 
barding it with neutrons. So strong was the 
prevailing belief in the integrity of all atoms 
that the splitting of uranium was inconceiv- 
able. Hence Fermi's experiment was not in- 
terpreted correctly at first Thus, the finding 
that palladium may be transmuted under the 
influence of electromagnetic fields in the 
presence of deuterium may likewise be in- 
conceivable, but may nevertheless be the 
truth." 

Dr. Martin Fleischmann, in his conclud- 
ing remarks at the end of the conference, 
praised Kucherov and said that in France 
they had reproduced "parts" of the 
Kucherov experiment 

Dr. Yan Kucherov spoke and reviewed 
both the thermal excess energy and nuclear 
effects data that his Moscow group has ob- 
tained over the past four years in more than 
500 glow discharge experiments in deuteri- 
um atmospheres. 

Helium-4 results 

Evidence continued to build that at least 
in some varieties of cold fusion experi- 
ments, helium-4 ( 4 He) is produced as "nu- 
clear ash." Dr. Melvin H. Miles of the 
Naval Air Warfare Center at China Lake 
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presented convincing evidence of a correla- 
tion between the measured excess power in 
Pd-heavy water cells and the production of 
helium-4. His group claims helium produc- 
tion in the range 10" to 10" helium atoms 
per second per watt of excess power. Dr. 
Miles said that this is "the correct magni- 
tude for typical deuteron fusion reactions 
that yield 4 He as a product." By this he 
meant that helium yield would be about 
right if the powerful 23.8 MeV gamma ray 
normally associated with the D + D to *He 
reaction emerged instead as thermal energy. 

The group used metal flasks this time to 
collect gas samples, instead of the glass ves- 
sels used in earlier runs. Critics had com- 
plained that the glassware could be a source 
of contamination by atmospheric 4 He diffu- 
sion through the glass. Dr. Miles 
suggested mat at die low excess power lev- 
els of his recent ex- 
periments (-0.1 
wan), the possible 
measurement errors 
were large, but still 
he had confidence 
that the 4 He pro- 
duced exceeded the 
levels in control 
experiments (runs 
with no excess 
heat). 

The group of 
Professor Daniele 
Gozzi et al at the 
University of 
Rome examined 
4 He from Pd-heavy 
water cells by con- 
tinuous m ass-spec - 
trographic analy- 
sis—in six, cells for 
over 1,000 hours. They found a correlation 
in the emergence of helium-4 peaks and ris- 
es in excess heat. However, the group is 
still trying to rule out contamination from 
atmospheric helium-4 by using the neon-20 
("We) measurement simultaneously. 

Cold fusion by hydrogen sparking 

Dr. Jaques Dufour of Shell Research 
(France) reported on excess energy pro- 
duced by sparking onto various metal elec- 
trodes in hydrogen gas atmospheres, both 
light and heavy hydrogen. He reported sta- 
ble excess energy production of a few watts 
for periods of several weeks. 

Ultrasonic activation— "nucrofusion" 

Roger Stringham and Russ George pre- 
sented their work. It is clear that they and 
others who have checked these experiments 
find substantial levels of 4 He after ultrasonic 
(20 kHz sound frequency) beaming against 
palladium immersed in heavy water. The 
4 He is roughly proportional to the excess 
power evolved, and is said to account for 
about 20% of that excess. 4 He levels are 
higher than atmospheric concentration, up 
to 65 ppm, which is on the order of 10 times 
higher, so atmospheric contamination is un- 



likely. The excess heat level claimed by this 
group is at a level of up to 90 watts (input 
power, 350 watts). The local heating of pal- 
ladium foils is so great that these occasion- 
ally melt through under even continuously 
circulated heavy water. No observable ex- 
cess heat or melting was found in ordinary 
water control experiments. The reaction 
chamber is normally pressurized to several 
atmospheres by I>2 and argon gas. 

Stringham et al suggest mat the collapse 
of cavitation bubbles created by the ultra- 
sonic transducer at the surface of the palla- 
dium injects deuterons into the Pd lattice. 
The metal lattice, thus locally and rapidly 
loaded to a high level, gives rise to D + D 
"microfusion" reactions. On microscopic 
examination, they have observed evidence 
for localized ejection of molten metal. 

They also claim to have found after test- 
ing that isotopes of cadmium are present 
"skewed in relationship to natural abun- 
dance ratios." In particular, they suggest 
that tM Cd has been formed from the reaction 
of an alpha particle (*He nucleus) and ta Pd. 
Measurements made at various laboratories 
found no tritium, gamma ray, or neutron 
evolution from the operating apparatus. 

Stringham et al, who have a company 
based in Palo Alto, California, E-Quest 
Sciences, are offering to sell their "microfu- 
sion" apparatus to serious groups as a re- 
search tool.E-Quest will guarantee the abil- 
ity of the device to produce excess power 
and'He. 

IMRA Japan's work on material 
properties and triggering parameters 

The IMRA Japan laboratory group of Dr. 
Keiji Kunimatsu continues to pioneer the 
investigation of alloys, current densities, 
and loading in Pd-heavy water cells. The 
group's work in closed cell calorimetry is 
viewed as among the finest in the world. 
IMRA Japan uses deuterium gas to pressur- 
ize its cells so that the anode becomes a gas- 
diffusion electrode. 

The team has found alloys of Pd using 
5% rhodium to be of particular value. IM- 
RA Japan found that Pd materials from dif- 
ferent vendors produced excess heat, with 
one exception. It found excess heat to be 
"almost proportional" to current density. 
The critical currcnt.jequired to turn on the 
excess heat is about 200 mA/Cm 2 of cath- 
ode surface area, and the critical loading ra- 
tio for turn on was found to be D/Pd=0.84. 
The addition of thiourea was effective in 
pushing the loading ratio over 0.9. No ex- 
cess heat emerged in light water experi- 
ments with Pd cathodes. 

SRI International's McKubre gears up 
for nuclear measurements 

The EPRI-funded SRI International 
group, led by Dr. Michael C.H. McKubre, 
has continued to verify its earlier, excess heat 
work, but is now rapidly mounting a search 
for nuclear products, including 4 He. It wish- 
es "to attempt to quantify the appearance, 
and set limits on the non-appearance, of po- 



tential products of nuclear reactions: neu- 
trons, gamma and x-rays, THe and *He, and 
isotopie-shiffcs of Pd lattice and electrolyte- 
derived species." The group made a 
serendipitous discovery of the beneficial ef- 
fect on excess power of going to higher tem- 
peratures. This temperature effect is now be- 
ing found almost universally in the cold 
fusion field. 




br. Reiko Notoya (Catalysis Research 
Center, Hokkaido University), 



McKubre said that his group has **repro- 
d mr^ wholly, our previous observations of 
excess power, and are beginning to study the 
controlling parameters for the purpose of at- 
tempting scale-up." 

Tritium production confirmation 

Dr. Fritz Will, formerly director of the 
National Cold Fusion Institute in Utah, and 
now temp o rari ly with EPRI, reported the re- 
producible and incontrovertible production 
of tritium in Pd-heavy water cells mat were 
closed. This work has recently been pub- 
lished in the Journal of Electroanalytical 
Chemistry. It appears to show that tritium 
can be produced at low energy. Absolutely 
no tell-tale 14 MeV neutrons were detected 
mat would have been evidence of collisions 
by T with D in the lattice. Dr. Will meticu- 
lously outlined all the reasons to believe that 
the tritium was generated and could not pos- 
'sibly have been pre-existing contamination. 
On chance alone, he said in conclusion, it 
would have required a probability of 
l/130 t 000 to obtain the result of picking the 
four active electrodes out of the total of 17, 

Drs. Tuggle and Claytor of Los Alamos 
National Laboratory reported continued sue 
cess in producing tritium continuously and 
reliably in various "novel morphologies of 
palladium." They use small solid wires com- 
bined with pressed metal powders, and ob- 
served tritium production in the range over 5 



nano-Curies per hour (>5 nCi/h), which they 
said "far exceed** their previous results. 

The Case of the Missing Scientist 

Dr. Kevin Wolf of Texas A&M 
University was supposed to have been the 
lead speaker for the December 7 session, but 
he didn't show up and no explanation was 
offered. Three high-level sources have seen 
die data report mat Dr. Wolf has discovered 
astonishing transmutations in three of the 
palladium rods that he tested in Pons- 
Fleischmann-type protocols. He has ob- 
served many different gamma ray spectral 
lines from short-lived isotopes. He has no 
doubt that these transmutations are real. This 
makes his work similar to the results found 
by Kucherov in Russia, which was reported 
in Physics Letters A, November 9, 1992. 

Unfortunately for Dr. Wolf, he has had an 
ambivalent position in the cold fusion field 
after accusations in 1990 by Gary Taubes of 
fraud in the Bockris lab at Texas A&M. This 
led Wolf to recant inappropriately his tritium 
results. Now he can barely imagine associat- 
ing these extremely intriguing results — in 
which he allegedly fully believes— with the 
"discredited" field of cold fusion and trans- 
mutation. We know that Wolf wanted to 
attend the meeting, even though he was 
going to suggest that these transmutations 
were really due to cosmic rays from space, 
which "just happened" to be detected during 
a cold fusion experiment. It has been learned 
mat he was under great pressure by an oppo- 
nent of cold fusion,who funds him, not to at- 
tend the 1CCF4 conference. 

Hydrosonic Pump continues to evidence 
excess energy 

One of the most unusual presentations at 
Maui, a last-minute addition to one of the 
special afternoon sessions, was prompted by 
a journalist's article. An unusual apparatus 
came to light as a result of Jerry Bishop's 
cover story on cold fusion in the August 
1993 Popular Science, That story prompted 
Georgia inventor James L. Griggs to contact 
people in the cold fusion field. He wanted 
help to explain the baffling excess energy 
that he and his colleagues had regularly ob- 
served with their Hydrosonic Pump. 

This device, which has been developed 
and patented by Mr. Griggs of Hydro 
Dynamics, Inc. of Cartersville, Georgia as 
an efficient heating unit for buildings, has 
regularly demonstrated (it is claimed) signif- 
icant levels of excess energy. It consists of a 
specially-designed cylindrical aluminum ro- 
tor that spins at close tolerances inside a 
steel case. Ordinary water is forced through 
the gap between rotor and case, thus produc- 
ing hot water and/or steam via turbulent ac- 
tion. The measured energy content of the 
steam and hot water apparently exceeds the 
electrical input power of the device by a 
large margin — 10-100% and beyond. 

If this effect is real, perhaps this device is 
related in some way lo the cuvitation-in- 
duced "microfusion" apparatus of Roger 
Stringham. 



Griggs and his colleagues gave a brief 
presentation at the Maui conference. "Cold 
Fusion" Magazine will continue to investi- 
gate the Hydrosonic Pump's performance, 
and will bring you more news as further test- 
ing develops. 

Theories abound 

At ICCF4, as at previous cold fusion con- 
ferences, dozens of papers were devoted to 
theories that might explain the seemingly 
bewildering host of experimental findings. 
"Cold Fusion" Magazine will delve into 
these arcane theoretical matters in a subse- 
quent issue, making a valiant effort to disen- 
tangle some of the most difficult issues theo- 
rists face. Apologies for this postponement 
to our theorist colleagues, who perhaps view 
their efforts as equally important with exper- 
imental findings. 

We will make one bow toward discussing 
theory, because 4 He nuclear ash has been 
such a hot topic in the cold fusion field, and 
because Nobel laureate Julian Schwinger's 
paper (read in his absence by this author) 
suggested how a metal lattice reaction gen- 
erating He would not have to be commensu- 
rate with excess energy. This is the part of 
Schwinger's talk ("Cold Fusion: A Brief 
History of Mine") pertinent to that reaction: 

"I note here the interesting possibility that 
*He produced in the pd [proton-deuteron] fu- 
sion reaction may undergo a secondary reac- 
tion with another deuteron of the lattice, 
yielding U (an excited state of 'Li lies close 
by). The latter is unstable against disintegra- 
tion into a proton, ^nd *He. Thus, protons are 
not consumed in the overall reaction, which 
generates *He.** 

To this I add, as of some time in 1992, 
that observations of *He, with insufficient 
numbers to account for total heat generated, 
are consistent with the preceding suggestion. 
The initial pd reaction produces heat; but 
no *He. The secondary reaction generates 
heat and *He. There is more total heat than 
can be accounted for by *He production. The 
smaller the ratio of secondary to primary 
rates, the more the *He production will be 
incapable of accounting for the heat genera- 
tion.** 

Concluding remarks 

Rounding out ICCF4 were summations of 
the meeting by various senior participants. 
Dr. Edmund K. Storms, Los Alamos 
National Laboratory (retired) made one of 
the most comprehensive and eloquent state- 
ments, which u Cold Fusion'* Magazine has 
reprinted (see page 48). To summarize, IC- 
CF4 showed mat the cold fusion field is be- 
coming ever more vital and expansive — 
clear evidence of a scientific and 
technological revolution in the making. Not 
all papers reported success in finding excess 
heat and nuclear products, but inexorably 
scientists are learning the conditions for re- 
peatability of positive experiments, and dis- 
covering new methods for generating the 
phenomena. With small steps and large 
leaps, the pieces of the puzzle are falling to- 
gether. 
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Cold fusion conference 

Another leg of the journey 



Above all else, the Fourth 
Internationa] Conference on Cold 
Fusion presented several elemental 
challenges: that the concept of "cold fu- 
sion/* after five arduous years, has proved 
itself experimentally, and that cold fusion is 
a rapidly maturing science. 

It was a conference abundant with scores 
of papers, seminars, and exchange of ideas 
for scientists thirsty for developments in the 
expanding spectrum of cold fusion research. 

Organized under the auspices of the 
Electric Power Research Institute in Palo 
Alto, California, the conference attracted 
274 participants from around the world- 
more than 150 from the U.S., 72 from 
Japan, and 34 from Europe, who presented 
■ 155 papers. What follows must necessarily 
be a condensation of thought, theory, and 
practice derived from the many presenta- 
tions. Conference Proceedings are beine as- 
sembl :d, and soon will be available. 

The fifth international conference 
on cold fusion is set for early in 
1995 in Nice, France, and is being 
organized by IMRA Europe, S.A. in 
Valbonne, France. Already in the 
planning stages, the succeeding con- 
ference will be in Beijing roughly a 
year later. One can only wonder at 
the limitless prospects for end-of- 
the-century conferences. 

A recent industrially-sponsored 
cold fusion colloquium was held in 
Asti, Italy, and a conference will be 
held in Minsk, Belorussia, this May. 

Notes and comments on Maui 

Two major announcements fell 
out of the Maui conference, the first 
a presentation on the New Hydrogen 
Energy (NHE) Research Project in 
Japan by Dr. K. Matsui, director of the 
R&D Center for New Hydrogen Energy in 
the Institute of Applied Energy in Tokyo. 

Initiated in November 1993, the program 
will run until March 1997 with funding of 
$30 million from MITI (Ministry of 
International Trade and Industry). NEDO 
(New Energy and Industrial Technology 
Development Organization) is the project 
coordinator. The program is operated 
through two major laboratories, the R&D 
Center for NHE in Tokyo, and the NHE 
Laboratory in Sapporo. A number of 
Japanese universities are expected to partic- 
ipate. Cooperation with overseas institu- 
tions evidently will be an important aspect 
of the activity. NHE also will encompass a 
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group of leading industries, including 10 
utilities, Tokyo Gas, MHI, Hitachi, Toshiba, 
Nippon Steel, the Aishin Group, Tanaka 
Kikinzoku, NTT, MI, and NFL 

Internationa] aspects of the research pro- 
ject apparently will be coordinated through 
IMRA Europe. The major U.S. partners 
mentioned were the Electric Power 
Research Institute, and SRI International. 

The program's mission is to clarify the 
feasibility of New Hydrogen Energy as one 
of the world's future energy sources. Four 
major activities were named: 

Experimental demonstration of excess 
heat generation 

■ Reproducibility 

■ Verification of reaction products 

■ Identification of the controlling factors 
for excess, heat generation 



Except for a few 
ill-considered, and rather 
personal critical remarks 
by one of the attendees, 
the conference's tenor was 
quite normal for an area 
of newly-emerging science 
that has possible 
technological overtones. 



Materials science 

■ Characteristics of existing materials 

■ Development of new materials 

Database and feasibility studies 

International Cooperation 

■ Exchange of personnel and information 

■ Expert workshops and symposia 

The second announcement was that 
ENECO, Inc. has acquired exclusive world- 
wide licensing rights to the original 
Fleischmann and Pons patent applications 
from the University of Utah. ENECO, 
founded in 1991, and headquartered in Salt 
Lake City t is described as a cold fusion re- 



search and development company. ENECO 
evidently has also acquired rights to a num- 
ber of other patents and patent applications 
related to the cold fusion area. 

The firm brought a number of partici- 
pants from the former Soviet Union to the 
meeting. Dr. Yan Kucherov, formerly at the 
Luch Laboratory in Moscow, is ENECO's 
director of research. In addition to a modest 
amount of experimental work in its own 
laboratory, ENECO is sponsoring small 
pr o gram s at a number of sites in the U.S. 
and Russia. 

General remarks 

Except for a few ill-considered, and 
rather personal critical remarks by one of 
the attendees, the conference's tenor was 
quite normal for an area of newly-emerging 
science that has possible technological 
overtones. 

Earlier results in a number of areas were 
reinforced by more thorough and quantita- 
tive experimental work, and the 
critical parameters that are responsi- 
'Vble for several of the earlier prob- 
lems have now been established. 
The spectrum of experimental 
methods and observations has also 
been extended considerably. 
Nevertheless, there are still a num- 
ber of major unresolved questions 
relating to the reasons for some of 
the important experimental observa- 
tions. 

The theoretical basis underlying 
the now well-established experi- 
mental documentation that nuclear 
processes can take place in solids 
under conditions that are far re- 
moved from those typical of hot 
plasmas is still far from mature. 
One of the complicating features is 
that thereactions expected from'hot 
plasma experience are not found, and that 
different processes evidently dominate un- 
der different experimental conditions. 

Identifying "nuclear ashes'* has been ad- 
dressed by a number experiments. The early 
experimental work in several laboratories 
that claimed to have not observed the 
Fleischmann-Pons effects has been careful- 
ly reconstructed and assessed by indepen- 
dent auditors. The results will be discussed 
below in these notes. 

Excess heat observations in the palladium- 
deuterium system 

The previous experimental observations 
of excess heat generation during electrolytic 
experiments were extended and reinforced. 




for thought 

By Robert A. Huggins 




> Robert A. Huggins 

Airamber otlaboiatories reported the results 
of high quality calorimetry performed using 
several different methods. This Involved ex- 
periments with chemically open systems as 
wen as closed, the results being essentially 
identical when they were performed and an- 
alyzed properly . 

Fleischmann (Valbonne, France) claimed 
that his laboratory is now getting excess 
power output levels of 4 kW/cm\ He de- 
clined to discuss the experimental protocols 
that are being used, but did explain they first 
load the palladium with deuterium at low 
. tem per atures Into the endothermic regime, 
and then- quickly drive it to higher tempera- 
tures, where it becomes hyperioaded. 

Gozzi (Rome) reported on his group's 
recent multiceU experiments, in which they 
observed both excess heat and the formation 
of *He. In one case, the amounts of heat and 
<He correlated quite well. They concluded, 
as had others (e.g. Miles) in the past, that 
*He is the dominant "ash." 

Kunimatsu (IMRA Japan, Sapporo) 
reported on his lab's results with closed cells 
' with a partially submerged fuel cell type of 
positive electrode that recycles the 
deuterium instead of forming oxygen on the 
positive electrode. They operated at a D2 
gas pressure of 5-10 atmospheres. This type 
of electrode reduces the cell voltage below 
that necessary for water electrolysis, and is 
the 1 type of setup considered as a possible 
advantageous configuration in the original 
Fleischmann-Pons paper. 

They showed, as had McKubre (SRI) ear- 
lier, that it is critical for the level of loading 
(the ratio D/Pd) to be over 0.84 in order to 



observe excess heat They used a gas pres- 
sure measurement method to evaluate the 
loading. They also found, as both they and 
others showed earlier, that the amount of ex- 
cess heat is electrolysis current-dependent, 
with a threshold value of about 200 mA/cm 2 . 
They investigated six types of palladium ob- 
tained from three sources, and 
showed that all but one pro- 
duced excess heat. In that 
case, they found they were not 
able to achieve a sufficient 
loading ratio for some un- 
known material reason. 

Their experiments also 
again demonstrated the well- 
established fact that no excess 
heat is observed in light water 
experiments of this type. 

Bertalot (ENEA Frascati, 
Rome) also presented the Pd/D 
excess heat results stained in 
their laboratory, w'sich they measure with 
flow, rather than isoperibolic calorimetry. 
They also use palladium anodes to continu- 
ally refresh the cathode surface so that it 
does not become influenced by the deposi- 
tion of impurities from the electrolyte. They 
use the pressure change method to evaluate 
loading.They observed, as have others, that 
different batches of palladium behave differ- 
ently, some giving the easily measurable ex- 
cess heat, and others apparently being 
"dead." They are now in collaboration with 
Johnson Matthey, trying to determine the 
source of this materials effect 

McKubre (SRI International, Menlo 
Park) reported on their recent excess heat re- 
sults in closed cells using both isoperibolic 
and flow calorimetry, and demonstrated that 
one can obtain comparable results using ei- 
ther method. They have also used open cells 
in isoperibolic calorimeters of die Pons type, 
and got similar results. Their open isoperi- 
bolic cells have greater sensitivity and a 
faster response time, and thus provide 
greater flexibility than the closed flow 
calorimetric system for the investigation of 
the influence of various parameters. 

McKubre confirmed their earlier conclu- 
sion that the D/Pd loading value is critical. 
When the loading is over 0.95 they always 
get excess heat whereas this does not occur 
with a loading ratio below 0.9. 

Using the resistivity method to evaluate 
loading, they have been investigating the in 
fluence of various materials, chemical, and 
electrochemical variables on the loading ki 
netics, and the value of the maximum load- 
ing obtained. As an example, full loading is 



never obtained when either nickel or a Pt-Nb 
alloy is used as the anode. They are also 
now operating a "movable wire* apparatus 
to investigate the influence of mermal pre- 
treatment on the behavior of a single batch 
of palladium. 

Another finding is that deliberate intro- 
duction of species such as Al or Si into the 
electrolyte increases the loading and de- 
creases the long-time gradual deloading 
sometimes found. The use of periodic elec- 
trochemical cycling seems to improve the 
loading. 

Most of their experiments are conducted 
at a constant temperature. However, in one 




(L to R): Jed Rothwell (Cold Fusion Research 
Advocates), Charles Becker (ENECO), and 
Prof. Robert T. Bush (Calif. Polytechnic, Pomona) 



case the temperature rose by mistake, and 
this resulted in /he, observation of increased 
excess heat generation. [See comments be- 
low about the influence of temperature re- 
ported by others.] 

Also observed was the difference in the 
behavior of material from Afferent batches- 
even from the same supplier. They are work- 
ing with a palladium supplier to try to under- 
stand this effect's origin. 

McKubre's group reported it has observed 
excess heat effects for several days after in- 
put power was turned off or way down. This 
behavior was observed earner by others (e.g. 
Mizuno). 

Pons showed similar data on significant 
heat generation for a number of hours after 
input power was shut off. He called it "heat 
after death." This only occurred in cells con- 
taining D2O, not in those with H 2 0. 

McKubre reported another interesting, 
and perhaps important observation: they 
have observed a decrease (e.g. 30%) in the 
base resistivity of the palladium after long 
time operation. Since the resistivity in met- 
als is due primarily to scattering from point 
defects, rather than from extended defects 
such as dislocations or grain boundaries in 
the lattice, this indicates a change in the 
point defect concentration with time. 

Bockris (Texas A&M, College Station) 
reported on recent experiments on the influ- 
ence of various square wave and ramp mode 
pulsing sequences upon loading, and their 
influence upon the observation of excess 
heat when the loading is sufficiently high. 
He expressed the opinion that dislocations 
play an important role in the excess heat 
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phenomenon, and showed the effect of cur- 
rent density (and overvoltage) on mi- 
crostructural changes in the palladium. 

He proposed that the time-dependent ex- 
change of deuterium for hydrogen in the dis- 
location atmospheres may account for the 
long incubation (switch-on) time generally 
observed in this type of Pd/D experiment. 

He briefly mentioned the unexpected ob- 
servation that the imposition of RF (radio 
frequency) power in the milliwatt range ap- 
parently triggers excess heat Apparently 
this occurs at a specific frequency. [See 
comments below about this.l There is also 
some evidence for the influence of magnetic 
fields, but no substantial information was 



Arata (Osaka University) reported excess 
heat generation using a double (concentric) 
palladium cathode. Apparently tins gives a 
greater magnitude of excess heat, and for 
times of the order of months. They observed 
an incubation time of over 250 hours. 

Yoshinaga (Tokyo Inst of Technology) 
reported excess heat observations using a 
square wave loading method in one case out 
of three. They also observed a ijiuch higher 
overvoltage in the case of the material that 
gave the excess heat They had . typical in- 
cubation time of 120 hours. 

Storms (Los-Alamos NationalLaboratory) 
discussed his excess heat observations. 
Storms' group used four batches of material, 
two showing excess heat and two not In the 
latter cases, he observed a significant vol- 
ume change due to the generation of cracks 
and pores. This is in accordance with earlier 
observations that internal void generation is 
accompanied by deloading. In one of the 
two successful cases, he used the SRI tech- 
nique of adding Al to the electrolyte. 

Storms suggested that one could use a 
measure of the volume change that occurs 
during loading as a relatively simple and fast 
way to determine whether a sample of palla- 
dium will give excess heat or will act dead. 
He said he has only observed excess heat 
from materials exhibiting less than 2% vol- 
ume change even if fully loaded. Ones that 
exceed that amount never give measurable 
excess heat 

He discussed several critical factors, in- 
cluding the effect of current density (he esti- 
mated the critical current threshold to be 
about 100 mA/cnr), local surface composi- 
tion that influences the loading, and the in- 
fluence of the temperature. It is important 
that the geometry of the system be arranged 
so that the current density is relatively uni- 
form around the -sample. Otherwise, there is 
deloading through part of the interface. 

Ota (Yokohama National University) 
showed the results of Pd/D (and Pd/H blank) 
electrolysis experiments in closed cells. 
They used both pure Pd and a 10% Ag-Pd 
alloy, and also found important inter-sample 
differences, with heat generation in only 




three of 16 Ag-Pd/D runs. Samples that had 
prior mechanical deformation produced 
large heat bursts. They observed gradual de- 
loading of higher current density samples at 
long times, probably due to the generation of 
internal voids, as observed by others. 

They reported the observation of the cur- 
rent (potential)-dependent diffusion of lithi- 
um into the Pd surface with time. [The pos- 
sible relation between the slow diffusion of 
lithium into palladium and the observation 
of much longer incubation times than can be 
explained by die kinetics of the diffusion of 
hydrogen species has been a matter of con- 
siderable speculation]. Others also reported 
in-diffusion of lithium. 

Miles (Naval Air Warfare Center, China 
Lake), who was the first to report the gener- 
ation of *He in experiments showing excess 
heat presented similar results using an all- 
metal system. His previous experiments had 
employed glass cont ainers, which led to the 
criticism that the observed helium may have 
come from helium diffusion through the 
glass. He showed that the results obtained 
with the metal system were comparable with 
earlier observations, and that the amounts of 
*He found correlates quite well with the 
magnitude of the excess heat he observed. 

Oyama (Tokyo Univ. of Agriculture and 
Technology) performed closed-cell experi- 
ments in a double-cell difference calorime- 
ter. Low frequency AC was imposed on top 
of a DC bias current and two regimes of be- 
havior were observed, one with relatively 
stable behavior, the other with unstable be- 
havior. The latter lasted for periods of 50- 
150 hours. Once excess heat appeared (after 
increasing the DC current) it remained, even 
under reduced current 

Cravens (Vernon, Texas) reported on a 
number of experiments he performed to 
identify parameters that influence the suc- 
cess of Pd/D electrolytic experiments in pro- 
ducing excess heat He used both relatively 
simple open isoperibolic cells, and a flow 
calorimeter with closed cells. 

He observed the microscopic topography 
and distribution of outgassing sites on the 
surface of different samples of palladium, 
and the influence of careful mechanical pol- 
ishing of the surface on the uniformity of 
deuterium entry/exit He found that samples 
exhibiting substantial surface inhomogeniety 
do not produce excess heat 

Cravens showed data that indicated the in- 
fluence of current density and temperature 
during initial loading upon the final loading 
level, and thus the excess heat The best re- 
sults are obtained by loading at a very low 



rate until the composition is well into the b> 
ta phase, and then rapidly raising the inpi 
power and temperature. 

Preloading with D2 gas at elevated ten 
peratures is useful [probably to reduce tl 
hydrogen occupancy of the dislocation a 
mospheres]. He also had evidence indicator 
the advantage of die use of alloys, such ; 
Ag or Rh, that depress die maximum ten 
perature of the miscibility gap in the Pd. Tl 
presence of lithium seems to help as well. 

IBs data indicated it is helpful to delay tf 
deliberate addition of poisons (promotor 
such as Ai, Si, or B until after the loading 
well into the beta phase. The geometry t 
the cathode/anode relationship is also impo 
tant as it influences the uniformity of tl 
current density upon the palladium surfac 
Sharp edges and comers should be avoide 
He showed that current density uniformity 
necessary to achieve high loading. Cravei 
also briefly alluded to recent recognition < 
the influence of small amounts of RF pow. 
and a magnetic field in triggering exce: 
heat events (first reported by Dennis Letts). 

It became evident as he spoke that he hi 
shown data relating to several matters othe 
had been aware of, but had been keeping s* 
cret Fleischmann said as much, and th 
may also be true for the SRI activity. 

ft is now clear that a number of grou] 
know" at least some important factors th 
determine whether excess heat appears du 
ing this type of experiment The main poi: 
is that one must be sure that full loading 
achieved, followed by a sharp jump into tl 
hyperloading regime. 

Several quandaries remain, however. Or 
is the reason for the common observation 1 
a long incubation time. Another is the soun 
of the large difference in the behavior of di 
ferent batches of palladium, even from tf 
same supplier. The source of this materia 
effect is being studied in a number of labor, 
tones. One negative indicator is the form, 
tion of internal cracks and voids, which pr» 
vents full loading, and often occurs. 

Heat generation in electrochemical cells 
containing nickel and light water 

Bush (Cal Poly, Pomona) described me.- 
surements in a closed system calorimett 
that indicated excess heat generation at rel: 
tiveiy low input power values. The ratio < 
excess thermal power to input power w; 
higher the lower the input power, reachin 
values of 700 or so. They use a fine fibroi 
nickel (or a sintered Ni-Cu) cathode, art 
various alkali metal carbonates in the eta 
trolyte. 

When using potassium carbonate, Bus 
claims to have observed the gradual appea 
ance of calcium in the electrolyte (so di 
Notoya at fCCF-3). When using rubidiui 
carbonate, he observes the formation c 
strontium, which seems to have an isotop 
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ratio different from the natural one, reducing 
the probability that this is an impurity effect 

Srinivasan, who reported a number of 
Ni/H experiments at ICCF-3, is now on a 
six-month visit at SRI International, where 
he has repeated experiments previously per- 
formed in the BARC laboratory in India. 
These involved the use of chemically open 
cells, and he is preparing to do them again in 
closed cells at SRL 

His results are quite convincing. 
Experiments in this area axe evidently easier 
to reproduce than the high power Pd/D ex- 
periments, and he has done a significant 
number. His results indicate the magnitude 
of the excess thermal power generated is es- 
sentially independent of the input power. 
This is consistent with Bush's result that the 
ratio of output to input powers is highest, at 
die lowest input levels. Taken to the ex- 
treme, this would imply an infinite ratio at 
zero input power. 

An interesting aspect of the Srinivasan ex- 
periments was his observation that the pres- 
. ence of a stainless steel component in his 
cells seems to kill this effect— whatever it is. 
He suspects-the presence of chromium is re- 
sponsible. 

Srinivasan reported they have used six 
types-of nickel, and observed these excess 
heat effects in 14 out of-28-experiments not 
having stainless steel present. They also 
found indications of die generation of mod- 
est amounts of tritium in some cases. It 
seems there is no appreciable delay time in 
these experiments. The maximum value of 
excess thermal power measured is about 1 
Watt 

Criddle (University of Ottawa) also dis- 
cussed some Ni/H experiments in which he 
claimed to have observed excess heat evolu- 
tion. While he gave most of his attention to 
the influence of silica dissolved from glass 
containers upon the behavior of the elec- 
trodes, it was interesting he found a large 
difference in the behavior of "soft" nickel 
and "hard nickel." The latter gave indica- 
tions of significant excess heat evolution, 
whereas the former did not This indicates 
there is an influence of composition and/or 
microstructure in the Ni/H experiments as 
well 

Liaw (University of Hawaii) reported 
they have repeated their earlier LiCl-KCl- 
LiD molten salt experiments on the Pd/D 
' system using nickel and lithium hydride, 
rather than palladium and lithium deuteride. 
According to this report, they also seem to 
have found significant amounts of excess 
heat generation during thermal excursions in 
this case at about 400 - C 

Several people are now convinced that the 
experimental work of Mills, who first 
claimed the generation of excess heat in 
Ni/light water experiments, is sound. 
Thermacore, Inc. (Lancaster, Pennsylvania) 
has reportedly reproduced his thermal exper- 




iments. Except for Vigier (Univ. of Paris), 
no one seems to pay much attention to his 
theoretical mo^el, which attributes the ex- 
cess heat observations to the formation of a 
new form of hydrogen, not a nuclear 
process. 

Heat and *He from ultrasonic cavitation- 
induced hypeiioading 

George and Stringham (E-Quest 
Sciences, Palo Alto) presented another 
method to provide local hyperloading in the 
Pd/D system. It involves the use of ultrason- 
ic-induced cavitation in heavy water on a 
palladium surface. Bubbles are made to adi- 
abatically collapse in a 20 kHz acoustic field 
such that very high energy microjets of deu- 
terium are injected into the metal surface. 

By properly controlling the experimental 
conditions, acoustic energy -arriving at the 
surface at a power level of 3 W/cm a gave 
rise to a I sge amount of excess heat-enough 
to cause i siting of several grams of palladi- 
um. Calorimetric measurements were report- 
ed to indicate the generation of about 90 W 
of excess heat for periods of several days. 
This excess heat effect did not occur when 
the D2O was replaced by H 2 0, or the palla- 
dium was replaced by stainless steel. 

Large amounts of *He were found in the 
heavy water, roughly corresponding to about 
20% of the excess heat Since the He levels 
in the reactor gases were oil the order of 65 
ppm, which is many times greater than the 
normal amount in air (5.7 ppm), there was 
no possibility this observation was due to an 
air leak. The *He levels were evidently con- 
firmed by two laboratories. 

A third observation claimed that ,M Cd was 
found near the surface of the palladium after 
the experiment, whereas there was none be- 
fore. 

Efforts are underway to scale up these ul- 
trasonic experiments into the range of sever- 
al hundred watts. The authors said they 
would sell copies of their apparatus to a lim- 
ited number of interested parties, and would 
warrant that they would produce both excess 
power and 4 He. 

Heat From High Pressure Spark 
Experiments 

Dufour et al. (Shell Research and 
CNAM, Paris) reported on the work at Shell, 
and what has been repeated and extended at 
CNAM, Lab. des Sciences Nucleaires in 
Paris. In these experiments* sparks are 
passed into tnctul electrodes through gases 
containing hydrogen isotopes at atmospheric 
pressure. The earlier work using this method 



was described in a paper in the September 
1993 issue of Fusion Technology. Shell ap- 
parently has applied for two patents on the 
results. 

The basic experiment concept is to im- 
pose a high local transient electric current 
(Held) in the near-surface region of a metal 
containing hydrogen isotopes. This transient 
condition is generated by causing sparks to 
pass through an atmospheric pressure gas 
containing hydrogen isotopes. Stable excess 
thermal power production of about two 
Watts was reported to have been obtained 
over long time periods (48-1,000 hours), 
whereas this was not true for calibration ex- 
periments or when using other gases. 

In a group of experiments with palladium 
and deuterium, die total power input in these 
experiments was about 29 watts, whereas 
the power input into the spark reactor itself 
was about eight watts. Thus, the excess 
power was approximately one quarter of the 
power put into the reactor, but less than 10 
percent of the total power input in this non- 
optimized experimental setup. 

Experiments were also undertaken with 
stainless steel instead of palladium, and hy- 
drogen instead of deuterium that also appar- ' 
t ,sdy indicated the generation of excess heat. 
This material-independence raises questions, 
of course. 

Measurements' of the change of the gas 
pressure were used to demonstrate that die 
hydrogen isotopes were actually caused to 
enter the metal surface by the sparking. 
These species could be recovered by a de- 
gassing treatment at elevated temperature. 

Essentially, no tritium or neutrons were 
observed in these experiments. On die other 
hand, it was reported that blackening of pho- 
tographic film was observed with the experi- 
ments that showed generation of excess 
heat, but not with the ones that didn't black- 
en. This radiation persisted long after the , 
sparking stopped, and was attributed to the 
generation of electrons with energies about 
50keV. 

Sparking was caused to occur at a fre- 
quency of 310 Hz, with some five sparks per 
cycle, and a given spark lasted for about one 
microsecond. When breakdown occurs, an 
intense electric current flows on a very local 
scale, and a current of about 2 A passes 
through an area of approximately 10* cm 2 . 
This produces an usually high local field in 
the metal of about 120 V/cm. 

The spark canal is filled with the atomic 
hydrogen isotope, and this penetrates the 
surface of the metal, temporarily resulting in 
a very high localized hydrogen isotope/met- 
al loading ratio. 

A reaction model has been proposed that 
involves three-body collisions in the near- 
surface region of the metal and is triggered 
by the high local field. Participants include 
an electron, a hydrogen isotope, and a third 
nucleus, and an indirect transition in which a 
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virtual neutron participates. This model pro- 
vides a possible explanation for the fact that 
the observed effects were found with both 
hydrogen and deuterium, as well as predict- 
ing the formation of both *He and electrons. 

A modification of the experimental reac- 
tor was described which makes it act like an 
ozonizer. In this case, the metal electrodes 
are separated by either one or two dielectric 
barriers. The discharge is different in this 
case, for it involves a large number of very 
small sparks, rather than one large high cur- 
rent spark. When only one dielectric barrier 
is used, the spark impinges upon the metal, 
while this does not happen in the presence of 
the two dielectric layers. 

Researchers observed about 2 watts ex- 
cess power with the single dielectric layer, 
so that the spark contacted a palladium elec- 
trode. With the second layer, where the 
spark did not reach the palla- 
dium electrode, no excess heat 
was found. This further rein- 
forced the conclusion that the 
excess heat effect originates in 
the metal, not the gas. 

This second type of experi- 
ment is easier to scale up, and 
the authors are evidently ex- 
pecting tojnove into the range 
of 100 W excess heat soon. 

Plasma (glow discharge) 
experiments 

Kucherov (ENECO, Salt 
Lake City), who was formerly 
at the Luch laboratory in 
Podolsk near Moscow, report- 
ed on the many glow dis- 
charge experiments that had 
been performed using palladi- 
um targets in dilute deuterium 
gas. 

These well- instrumented 
experiments have evidently 
produced a wide range of un- 
expected phenomena, includ- 
ing excess heat (in 50% of the 
experiments), neutron fluxes 
up to 107 n/s, gamma radia- 
tion that persisted for days af- 
ter the power was turned off, 
charged particles, and both 
hard and soft x-rays. There are also indica- 
tions that transmutation reactions occur, as 
new elements were found to be present after 
the experiments. 

Many details were published in Physics 
Letters A in 1992. ENECO is now funding 
an effort to try to reproduce these experi- 
ments in the Department of Electrical 
Engineering of the Massachusetts Institute 
of Technology. 

Less comprehensive, but similar experi- 
ments were reported by Kennel (Space 
Exploration Assoc., Cedarviile, OH). His major 
conclusion was that gamma radiation suddenly 
began to appear when deuterium was added to 




the gas in the system, but 
that this was not the case 
upon the addition of hydro- 



Tritium formation In the 
Pd/D system 

Tuggle, who is in the 
Claytor group at Los 
Alamos National Labora- 
tory, reported on the re- 
cent extension of their 
experiments, in which hy- 
perloading is produced in 



has been found to be an especially strong 
killer. Tuggle has evidence that the tritium b 
formed inside the solid palladium, rathei 
than on the surface. 

Win (EPRL Palp Alto) presented his very 
careful study of electrolytic tritium genera- 
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Dr. Jean-Paul Biberian, a pioneer in solid-state 
coldfusion. 

gas-loaded palladium wires and pressed 
powders by pulsed resistive heating of mate- 
rial previously gas loaded. Their earlier ex- 
periments involved passing current through 
stacks comprised of alternating palladium 
and silicon sheets. 

These new wire experiments have pro- 
duced a factor of 100 more tritium for the 
same amount of palladium, reaching rates 
over five nCi/h (nano Curies per hour). The 
tritium generation rate is current-dependent, 
and the results are strongly dependent upon 
the palladium's impurity content. Samples 
with over 400 ppm total substitutional impu- 
rities produce essentially no tritium. Sulfur 



Mark Hugo (Excelsior, Minn.) (L.) ' 
describes at a poster session his basement 
experiments. 

dor* ia the Pd/D system, recently publish© 
(/. ElectroanaL Chem. 360, 161, 3( 
November 1993). An important feature o 
this work was the clear demonstration of th 
electrochemical parameters* influence oi 
both the rate of loading and the final loading 
value. As with excess heat observations, ful 
loading (>0.8) was necessary to observe tri 
tium formation. Researchers used a gas vol 
ume loading measurement method and a; 
acid electrolyte. 

When using a soft cycle loading tech 
nique, they obtained full reproducibility (1< 
times) with material from one supplier, bt 
absolutely no tritium from material from tw- 
others. Thus, there is also an unknown "ma 
terials effect" in this case as well. Light wa 
ter experiments conducted in parallel neve 
showed any tritium generation. 

Analysis of the palladium samples as we 
as the electrolyte and gas phases showe 
that the tritium was formed inside the solic 
and that it was not uniformly distributed, ap 
pearing primarily where the local electrolyi 
ic current density, and thus the loading, wa 
the greatest Observed tritium levels wer 
reproducibly more than 50 times back 
ground concentrations. Analysis of a iarg 
number (150) of samples clearly showe 
that the observed tritium did not come fror 
contamination of the initial materials. 

As has been repeatedly found by other: 
the amount of tritium generated in such expe: 
iments is much less than that necessary i 
correspond with the amount of excess he: 
found in other (higher input power) exper 
ments. 
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Generation of excess heat in solid state 
experiments 

There were three reports of the generation 
of excess heat during elevated temperature 
electrochemical experiments on proton (deu- 
terium)-conducting solid electrolytes. Two 
of these, from Russia (Samgin, et aL from 
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loading in the solid 
electrolyte near the 
electrolyte/elec- 
trode interfaces. 

They found ex- 
cess heat genera- 
tion in the order of 
100 W/cm*. but on- 
ly in experiments 
with these materials 
in deuterium gas, 
and not when other 
(aluminum silicate) 



Prof. Steven Jones (Brig ham Young 
Universitylposes challenging questions. 



the Institute of High-Temperature 
Electrochemistry in Ekaterinburg) and 
France (Siberian from Marseilles), were 
presented as posters and were difficult to un- 
derstand. 

The Russian work followed the approach 
presented in their talk at the Third 
International Conference on Cold Fusion on 
the behavior of modified tungsten bronzes, 
and involved the use of a doped cerate pro- 
ton-conducting oxide. Researchers claimed 
the observation of both neutrons and heat 
generation when conditions were changed. 
They believe the presence of layers in the sol- 
id with different conductivity types is impor- 
tant. 

The Bibenan poster dealt with the use of 
AlLa03, also known to be a proton-conduct- 
ing solid electrolyte. Upon application of 
DC voltages, regions of both n-type and p- 
type conduction form on the two sides of the 
solid electrolyte. Although the poster dis- 
cussed excess heat generation, it was not 
clear what had actually been measured. 

The third was by Mizuno (Hokkaido 
University) who imposed low frequency 
high voltage (tens of volts) AC across solid 
state cells with doped SrCe0 3 -type per- 
ovskite electrolytes (0.1 cm thick) and 
porous platinum paste electrodes. 
Experiments were conducted in the tempera- 
ture range 3OO-50O*C in various gases. 
These materials are known to be proton (and 
thus deuterium ion) conductors, so that such 
experiments produce large transient local 



Prof. Bor Yann Liaw (University of Hawaii at Manoa) 



In the hectic period following 
Fleischmann's and Pons* announcements, 
efforts were undertaken in a number of 
laboratories to try to duplicate their results. 
In several highly visible cases, these ex- 
periments* results were negative. In light 
of current knowledge in this area, several 
people are interested to know why those 
laboratories apparently obtained negative 
results. Harwell experiment data have been 
carefully evaluated, and it is now claimed 
mat they did, indeed, observe excess heat 
in two cases, which were hidden by the 
method of data analysis. 

In the second case, precision of the mea- 
surements was such that no reasonable 
conclusions could have been drawn. None 
of the experiments was conducted long 
enough to have exceeded the now well-es- 
tablished incubation time. It was also 
clearly demonstrated that 
data in another of the highly 
visible efforts were altered 
before publication. 

Influence of the imposition 
of RF energy and the ■> 
presence of a noetic 
field 

Letts (Energ ; Research 
Group, Austin, Texas) of- 
fered a poster presentation 
indicating an apparent effect 
of both RF energy (at a spe- 
cific frequency) and a mag- 
netic field in triggering ther- 
mal effects in the Pd/D 
system. These experiments, 
although described in some 
detail, for the moment should 
only be considered as pre- 
liminary. They may be indi- 
cations of something inter- 
esting, and other laboratories 
(including ENECO, Cravens, 
and Bockris) reportedly are 
following them up. 



ceramics were used that are not proton con- 
ductors. They also reported observation of 
tritium generation, but didn't give further 
details. 

In one example experiment at 410°C, the 
magnitude of the observed excess thermal 
power (50 W) was very much greater than 
the input AC power (18 V and 40 microam- 
peres, or 7 x 10 4 W) for a number of hours. 
This is a very large ratio. The overall heat 
balance must, of course, include the power 
input to attain the experimental temperature. 

Re-evaluation of the early experiments 

Three papers, by Swartz (Jet Technology, 
Weston,MA), Melich (Naval Postgraduate 
School, Monterey), and Hansen (Utah State 
University), were presented in which some 
of the early experiments reporting negative 
results of excess heat experiments were re- 
evaluated 



Points in connection with the "Materials 
EffecT 

Papers by Oriani (University of 
Minnesota, Minneapolis) and this author's 
pointed out the great influence of both 
point defects and extended defects, as well 
as other microstructural and nanostructural 
features upon the behavior of interstitial 
species, such as hydrogen or deuterium, in 
metals. These matters are well-known in 
other areas of materials science and engi- 
neering, and take them into consideration 
and interpretation in experiments in this 
area. It is well established that hydrogen 
isotopes preferentially reside at disloca- 
tions and grain boundaries in metals. They 
also preferentially enier and exit the solid 
locally, at the intersections of these struc- 
tural features with the surface. Interstitial 
species move rapidly along these defects, 
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qnd are also swept along by their translation- 
al motion. 

Experiments in which metals have been 
pre-loaded with tritium have been used to 
demonstrate both the preferential location of 
hydrogen isotopes at dislocations and grain 
boundaries, and that they are carried to the 



It would be foolish to 
continue to consider 
the whole matter to be 
related to experimental 
mistakes, as has been 
done in some quarters. 



solid's surface by dislocations during plastic 
deformation. Local concentrations can be 
very different from the average composition. 
Thus, it is unrealistic to think of interstitial 
hydrogen isotopes in palladium or nickel as 
though they are in a structurally homogener- 
ous medium of uniform compositionrresid- 
ing only in normal interstitial lattice posi- 
tions, and that their transport processes obey 
Fick's laws" for diffusion in a structurally- 
uniform concentration field. 

Interstitial loading and deloading, espe- 
cially if this involves formation and propa- 
gation of new phases, as is the case for pal- 
ladium at room temperature, results in the 
generation of large and inhomogeneous 
stresses. Phase transitions and dislocation 
motion are influenced by such Local stresses, 
and are often characterized by delay times 
and sporadic behavior. It should not be sur- 
prising that similar delay times and "burst" 
characteristics are also found in solid state 
"cold fusion" experiments. 

Two possible dislocation models that 
could produce transient local hyperloading 
were described in my presentation. One in- 
volves the sudden breakaway of a disloca- 
tion from its equilibrium solute atmosphere, 
leaving the excess interstitial behind. This 
produces a region of perfect lattice with an 
extremely high local supersaturation. 
Another possibility involves the intersection 
of dislocations and their solute atmospheres 
moving on different slip planes. When this 
happens, the superposition of their high lo- 
cal solute concentrations also produces a re- 
gion in the lattice with a very large local su- 
persaturation. 

The role of lithium 

Lithium's role in the electrolytic experi- 
ments is still not clear. The in-diffusion of 
lithium has been observed by a number of 
investigators, and its kinetics seem to corre- 
spond roughly to the magnitude of the sam- 
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pie-dependent incubation times that are 
generally observed in the Pd/D system 
when the palladium does not already 
\ contain lithium. The only experiments 
of this general type that did not show an 
appreciable incubation time were those 
(Stanford and Naval Ocean Systems 
Center) in which lithium was already 
present in the palladium. 

On the other hand, lithium does not 
seem to play a role in a number of other 
types of Pd/D experiments that evident- 
ly show excess heat production, such as 
the cavitation-induced microfusion, at- 
mospheric pressure spark loading, solid 
state electrolytic hyperloading, and die 
plasma experiments. 

This implies that lithium may well play a 
secondary role, influencing some other para- 
meter, rather than being involved in the pri- 
mary phenomenon itself. Because 0/ the 




Hal Fox (Fusion Information Center, 
Salt Lake City) chairs the Special 
Topics session. 



large "materials effect," which seems to be 
related to either the presence or absence of 
minor compositional, constituents — most 
probably interstitials — or to the microstruc- 
ture, or perhaps to the interaction of the two, 
it seems reasonable to suggest that the role 
of lithium involves its influence upon these. 

Cosing thoughts 

Although there wasn't a great sense of ex- 
citement and controversy, ICCF-4 proved to 
be an interesting conference. A number of 
things now seem to be well-established, 
based upon repeated and believable experi- 
ments. These include the following: 

Excess thermal power and energy cah be 
obtained from electrolytic experiments in 



the Pd/D system. The magnitude, as well a 
the appearance, of this effect depends upon 
number of experimental parameters, some c 
which are not known. If the proper condi 
dons are met, this can be a large and easil 
measurable effect. 

There is a M matexials effect" that prevent 
the appearance of excess heat in some batchc 
of palladium. Hie origin of this is not knowt 
but it seems to be related to the presence c 
minor, probably mterstitial, impurities. 

The observations of small amounts of ex 
cess thermal power in electrolytic cells wit 
nickel cathodes and light water carbonat 
electrolytes also seem to be real, althoug 
the experimental conditions are very diffei 
ent from those necessary for the Pd/D elec 
trolysis system. 

Excess thermal power can also be obtaine 
in a number of other types of experiments i 
which hyperloading of hydrogen isotopes i 
caused to occur inside a solid. These includ 
the high voltage-induced hyperloading in sol 
id electrolytes, the ultrasonic cavitation load 
ing experiments, the spark loading experi 
xhents, and the glow discharge experiments. ) 
may well be that one or another of these wi 
turn out to be more useful in practical appli 
cations than the Fleischmann-Pot * electrolyt 
ic type of experiment 

Products have now been seen in many ex 
penments that can only be explained b 
some kind of nuclear reaction. These includ 
die multiple and well-substantiated observa 
dons of die generation of tritium inside pal 
ladium. A number of laboratories have no\ 
observed the formation of *He, and there ar 
increasing indications of the appearance o 
transmutation products. It is possible tha 
transmutation reactions will explain the ef 
fects that have been seen in a number of lab 
oratories involving hydrogen, rather tha: 
deuterium, and that tritium formation shoul. 
be considered in this category. Radiatio: 
and various other products are seen in sever 
al types of experiments, sometimes in larg 
and indisputable amounts. 

Whatever is happening in die solid star 
in these many experiments is definitely dif 
ferent from the nuclear reactions that occu 
in hot plasma systems. It also seems that . 
variety of different, but probably related 
phenomena occur under different conditions 

Cold fusion is now a very active area 0 
science worldwide (although with notabi- 
exceptions), and a number of organization 
are considering ways in which some of th< 
experimental observations might be put t< 
practical use. It would be foolish to continue 
to consider the whole matter to be related ti 
experimental mistakes, as has been done ij 
some quarters. 

Robert A. Huggings is a Professor of 
Materials Science at Stanford University. //, 
may be contacted at the Center for Solar 
Energy and Hydrogen Research, 
Helmholtzstr. 8, 89081 Ulm, Germany. 



Patiejice, patience... 

Avery "unscientific" and personal 
take on other cold fusion effects 

With Special thanks tO the skeptics by Edmund K. Storms 



I will try to describe the field of cold fu- 
sion in five stages. We are now in the 
transition between Stages 3 and 4. 
Stage 1 started when Professors Stanley 
Pons and Martin Fieischmann partly 
jumped, and were partly pushed, into the 
colosseum of public awareness with their 
claim for low energy nuclear fusion. Sadly, 
the lions were hungry. Fortunately for Prof. 
Jones, his claim for a similar but smaller ef- 
fect was not as tasty to the skeptics. 
; Pons* and Fleischmann's claim caused 
every scientist, who was lucky enough to 
have an imagination and access to suitable 
equipment, to attempt a duplication of the 
results. From the smoke and confusion there 
arose several positive results. These were 
-very carefully examined* — and rejected. A 
few negative results-were reported by -sever- 



I would like to suggest an 
award for those people 
who most successfully 
keep the world in the 
dark. This award would be 
called the 'Flying Pig 
Award 9 in memory of past 
comments about how cold 
fusion would be proven 
real when pigs fly. 



al well-known laboratories. These were giv- 
en no examination and were accepted. 

Thus began die double standard that has 
plagued the field ever since. It is germane to 
point out that recent analysis shows that one 
of these negative studies could not possibly 
have produced positive results. One other 
accepted negative study apparently actually 
produced small positive results. This stage 
of unrestrained enthusiasm ended with pub- 
lication of the ERAB report, a very incom- 
plete and harmful document showing only a 
minor amount of objectivity. 



The battle was joined 

With the advent of Stage 2, the field went 
underground and became defensive. Work 
continued at isolated laboratories by people 
whose special circumstances made them im- 
mune to the growing negative attitude. 
Much of this work wasted time trying to 
prove the reality of the effect rather than un- 
derstanding its nature. Frank Close made the 
case for the skeptics and the message was 
carried into the lion's den by Douglas 
Morrison. 

Eugene Mallove wrote a clear account of 
the positive results, and several scientific re- 
views also supported the reality of the effect. 
Thus the battle was joined. During this time, 
the dedicated skeptics actually performed a 
service to die field. They encouraged better 
work, and forced an appreciation of-the is- 
sues. Gradually, the work contin- 
ued with the support of a few 
courageous institutions, EPRI be- 
ing a major contributor to the 
sparse studies in the U.S. 

Stage 3 began when Japan and 
several other countries initiated mar 
jor research programs, government 
and privately sponsored. 
Significant efforts are under way in 
India, Italy, Russia, and recently in 
China. More than 1,000 papers are 
available in the field — many peer 
reviewed and many showing posi- 
tive results. This growing work re- 
sulted in improved methods and 
new ways to initiate the effect. 

Presently, more than eight dif- 
ferent environments have been 
found to produce the phenomenon, 
some completely reproducible. 
This fact alone should cause some 
pause on the part of skeptics. In ad- 
dition, evidence for several differ- 
ent types of nuclear reaction is ac- 
cumulating. Indeed, some of the results are 
still too amazing for even people in the field 
to believe. 

Skepticism's new meaning? 

As new evidence accumulated, the contri- 
bution being made by skeptics changed. In 
general, they failed to keep up with the field 
and continued to complain about irrelevant 
issues. Two recent books by Professor John 
R. Huizenga and Gary Taubes failed com- 
pletely to present a balanced view. And to 
make matters worse, the press has not been 




much help in presenting the facts. As a re- 
sult, important issues are not receiving the 
necessary attention, and unnecessary confu- 
sion and even misinformation is being 
spread. The cold fusion field deserves better 
treatment. Active skeptics and journalists 
who distort the facts should consider how 
they will be viewed should this field eventu- 
ally be accept©!. 

On the other hand, by spreading doubt and 
confusion these skeptics have allowed a few 
of us to achieve Intellectual and financial ad- 
vantages that would not have been possible 
had major mstftutions been in the field. 

As a result, many people will be in a very 
good position to profit when Stage 4 starts. 
For this reason, some skeptics should be 
thanked. Therefore, I would like to suggest 
an award for those people who most suc- 
cessfully keep the world in the dark. This 
award would be called the "Flying Pig 
Award** in memory of past comments about 
how cold fusion would be proven real when 
pigs fly. Nominees are being accepted. 

Stage 3 is now gradually changing to 
Stage 4, the stage in which the U.S. govern- 
ment and major companies will realize that 
the phenomenon is real — and vitally impor- 
tant These new converts will look around 
for someone who knows how to do compe- 
tent work in the cold fusion arena — finding 
few people available. Those of us in the 
field can, in fact, expect to be awash in mon- 
ey and attention. Only patience is needed at 
the present time to realize this reward. 

Stage 5? This world-changing moment 
win come when a working device is found 
on the shelves of a Japanese equivalent of 
Wal-Mart This stage is still in the future. 



Dr. Storms obtained a PhD. in radiochemistry 
from Washington University (St. Louis) and has re- 
cently retired from the Los Alamos National 
Laboratory after 34 years of service. His work was 
in basic research in the field of high temperature 
chemixtry applied to materials in nuclear power re* 
actors. His recent studies of the "coldfusion* phe- 
nomenon resulted in four publications plus a com- 
plete and objective scientific review of the field. 
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predated from the resistive heating and the electro- 
chemical energy involved.* They reported power 
densities greater than 20 W/atf of cathode volume. 
Tfcey claimed that such excess heat energy could be 
generated only from nuclear reactions occurring in 

the Pd cathode. 

Although the claim was inunediately supported 

hy Steven E. Jones of Bringham Young Unrvenity, 
and a few other more ambiguous reports, most 
groups, including Pons and Fleishmans could sot 
reproduce the reported excess heat Serious chal- 
lenges were made to the daxm of nuclear-fusion 
reactions by pointing out the high level of nudey- 
reaction products (neutrons, tritium, and helium) 
that would be required if nudear fusion was the 
source of the amount of excess heat reported. 

The First International Progress Review of 
Anomalous Nudear Effects in Deuterium/Solid 
Systems was held hi Provo, Utah* in October, 1990. 
Confusion and controversy permeated the sdentiGc 
community, cuhp«tatifi g jn distrust and suspicion of 
tile integrity of the researchers involved. A review 
presented by D ouglas R. O. Morrison of CERN at 
the World Hydrogen Energy Conference in Honolu- 
lu, HI in 1990 relegated cold fusion to pathological 
science, alongside the infamous N-ray discovery eight 
decades earlier. The term coldfusion became taboo, 
particularly in the United States of America, where 
most research funding was curtailed, especially by 
the TJ.S. Government agencies. 

In spite of this attitude, and in spite of the lack 
of reproducibility and control of cold fusion, many 
sdentists agreed that excess heat and low levels of 
nudear reaction products were swrteetrnes observed. 
Research continued in Japan, Italy, USSR, China, 
and India, Even in the United States of America, 
the Electric Power Research Institute continued to 
support research at Stanford Research Institute 
(Michael McKubre) and Texas A&M University 
(John Bockris). Individual researchers such as Steven 
E. Jones at Bringham Young, MeMn Miles at the 
Naval Weapons Center, China Lake, and Edmund 
Storms at Los Alamos National Laboratory contin- 
ued research at a tow leveL 

Ihe Second International Conference on Cold 
Fusion was held in Como, Italy, in June, 1991, 
followed by an International Symposium on Nonlin- 
ear Phenomena in Electromagnetic Field in Nagoya, 
Japan, in January, 1992. Other reports were pub- 

• LiOD is referred to by some in this field as lithium 
deuterate". * 



fished in J. Fusion Energy, Fusion Technology, J. 
Phys. Soc Japan* Nature, and elsewhere. According 
to Morrison, 728 papers were published on the 
subject between the original announcement of Pons 
and Fleishmann in 1989, and October 10, 1992. 

Many papers have confirmed cold-fusion phe- 
nomena, but none have been so dear as to consti- 
tute generally acceptable sdentiGc proof that nuclear 
fusion does occur near room temperature in metals. 
It was made dear, however, what measurements are 
needed to provide the needed convincing sdentific 
proof. 

Two of the more important advances in the 
understanding of cold fusion phenomena prior to the 
Nagoya conference were achieved by AJdto 
Takahashi and coworkers from Osaka University, 
Japan, and by Eiichi Yamaguchi and Takashi 
Nishioka of Nqppon Telegraph and Telephone, Ltd, 
(NTT) Japan. 

Takahashi reported refinements of the tech- 
nique used by Pons and Fleishmann for observing 
excess heat In concurrence with McKubre, and with 
Keiji Kunimatsu, Takahashi emphasized the mea- 
surement of the amount of deuterium loaded-into 
the Pd electrode, and the use of a periocficihigh-low 
current during electrolysis. 

Takahashi reported observing neutron emission 
at low levels, anomalous tritium production, and 
formation of He gas at the Pd electrode surface. The 
observed neutron-energy spectrum supported the 
occurrence of fusion events, albeit at far too low a 
levd for explanation of the magnitude of excess heat 
generation observed. 

Yamaguchi and Nishioka reported their obser- 
vation of cold-fusion reactions in a nonelectrolysis 
environment They reported high-vacuum studies of 
deuterium- and hydrogen-loaded Pd plates that had 
been coated on one side with Au and on the other 
side with MnO* in order to trap and control the 
deuterium (or hydrogen) within the Pd plates. 

Yamaguchi and Nishioka reported concurrent 
observation of five associated phenomena: 

(1) neutron emission bursts (up to 2 x 10 6 per 
second); 

(2) explosive gas evolution; 

(3) uniform warping and plastic deformation of 
the sample; 

(4) the generation of excess heat sufficient to 
heat the Pd plates to more than 700°C; and 
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(5) emission of high-energy (£3 MeV) charged 
particles/ 

The Como conference had little impact on the 
attitude of the general scientific community toward 
cold fusion. In the first part of 1992, the Takahashi 
group published a series of papers reporting very 
careful experiments that showed improved 
reproducibility of the excess-heat observation at the 
150 W/cm 5 IeyeL In addition, low levels of *H (triti- 
um) emission was r epo rted. 

Takahashi and coworkers suggested a theoreti- 
cal explanation ol cold fusion in metals to account 
for the fast-neutron energy spectrum observed A 
new concept was suggested: Nuclear fusion reactions 
| involving dusters of two, three or four deuterons or 
protons, cotocated near a tetrabedral site of the 
face-centered cubic (FCC) Pd lattice. 

These and other reports from China, Russia, 
Italy and the United States of America produced a 
stimulating background for the Third International 
Conference on Gold Fusion. In Japan, the atmo- 
sphere was further charged by news reports indicat- 
ing that Japan's Ministry of International-Trade and 
Is dustxy (Mill) would consider the remits reported 
at She Conference carefully in formulating plans for 
possible future investment in research in the field- 
MTII publicly identified four key factors in their 
decision: 

• detection of neutrons and tritium 

• confirmation of excess-energy production 

• reproducibility of the results in other 
laboratories, and 

• progress in understanding the physical 
mechanism. 

NUCLEAR ACTIVITY 

The paper by Eiichi Yarnagudu and Takashi 
Nxshioka [2] of NTT was highlight of the Third 
Conference. As mentioned above, in their previous 
research five concurrent measurement were made 
to characterize the process giving rise to spontane- 
ous heating of the coated Pd plates. In their current 
report, a sixth critical concurrent observation was 
added. Using a high-resolution Extrel mass ipec- 
trometry system, they obtained high-resolution mass 
analysis of the gases evolved from the Pd during 
excess-heat generation. 

• E Yarnagudu & T. Nishioka, Jpn J. AppL Pbys. 29 
(1990), L666; Proc Lit Progress Review, "Anomalous 
Nuclear Effects in Solid/Deuterium Systems" (Pxovo, UT, 
Oct 1990), p. 354. 



These data dearly show the 4 He isotope, as 
distinguished from other mass-4 isotopes of molecu- 
lar hydrogen: WH (proton*triton), and 2 H 2 (two 
deuterons, or deuterium). Both of these 
hydrogen-molecule isotopes have nominal mass of 4 
AMU, but differ in actual mass from 4 He by as little 
as 0.1% because of the lower nuclear binding ener- 
gy. & situ calibration runs of the mass spectrometer 
demonstrate mass resolution of better than 0.01%. 

Yamaguchi and Nishioka report that 4 He and 
l H 3 H gases are not present in their turbomolecularly 
pumped chamber unless excess heat generation is 
occurring in the Pd The deuterium gas used for 
boding the Pd plate was analyzed in situ, and found 
tp contain no d etecta bl e *He. Thecondusion is that 
these exotic gaseous isotopes (*He and *H 3 H) origi- 
nate from a nuckor reaction with m the P<fcDi and 
emanate from the Pd during the explosive gas 
releases that occur only whfle excess heat is being 
generated 

in terms of reproducibility, NTT reported that 
starting in August, five consecutive runs, about a 
week apart from each other, produced essentially 
identical results. Other experimenters, at the confer- 
ence, reported mixed reproducibility. Professor X. C 
Li from Tsmghua University, Peking, P. R. China, 
reported 100% reproducibility , but other researchers 
reported difficulty in reproducing previously report- 
ed excess-beat generation rates. Fleishmann reported 
that they have never reproduced the high level of 
excess heat that they observed in 1989. Many re- 
searches reported to have observed excess heat at 
the range 0.1*10 W/cm 3 . 

Yarnagudu and Nishioka had nothing to report 
about the possibility of Re generation. They plan to 
retune the EXTREL mass spectrometer for the 
mass-3 region soon to answer this question experi- 
mental^. The generation of 3 He and 3 H is an impor- 
tant question bearing on which of various possible 
nudear reactions may be occurring. 

The charged-parlide results in the NTT experi- 
ment are less dean The charged particle with energy 
near 3 MeV that was reported previously has been 
identified as a proton. An alpha-partide peak at 6 
MeV is now suspected to be an artifice. The count 
rates are low in both cases, but especially low for the 
alpha peak. Also* reproducibility of charged-partide 
count rates has not been impressive. 

It must be dearly noted that* although nudear 
activity concurrent with the generation of excess heat 
seems to have been proved condusively in the NTT 
experiments, no one at the conference daimed to 
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account quantitatively for the excess-beat generation 
directly from nuclear energy . A major puzzle now 
is the source of so much excess heat, if not directly 
from nudear sources. 

In the Yamaguchi-Nishioka experiment and 
others, neutron comit rates up to 2 x 10* per 
second were observed in burets. Although their 
detector effidency was not discussed, it may be 
assumed to be a few percent In later discussions 
with Yamaguchi, he stated that the reported count 
rate had been adjusted to account lor solid angle, 
and represents the total for 4t steradians. These 
neutrons represent at most 10 s nudear fusion events 
per second However, nudear-^on events of order 
>10 ll /s or mbr^ I are required if the watts of excess 
heat generated are to be attributed entirety to 
nudear reactions. 

The observation of nudear reaction prpdu^ is 
well correlated with excess-heat generation, explosive 
gas release, and uniform bi-axial warping, and plastic 
deformation of the sample. However, the count rates 
of nvdear-reaction products observed are inade- 
quate to account Cor the magnitude of excess-heat 
generation reported. 

This may be illustrated by considering typical 
fusion reasons a* fc^^ 
each case is well known from nudear-structure 
studies over the past 60 years: 

0 d + d«t(lJ))«f p(3i») 

ii) d + d *He(23.85) 

Si) d + d * *He(0.8) + n(2.45) 

d denotes deuteron, t denotes triton, and p denotes 
proton, all nudei of hydrogen, h denotes neutron* 
The values in parentheses are the energy release per 
event in MeV.> Using example ii, which has the 
largest energy release per nudear event, 2.6 x 10 w 
nudear events are heeded; per second per Watt, on 
the assumption that all the energy released is con- 
verted into heat, and none is carried out of the 
sample as kinetic energy of the escaping partide. A 
neutron count rate of 2 x 10* per second, corrected 
for detection efiidency and solid-angle of collection, 
could imply at most 10* nudear events per second, 
but the magnitude of the discrepancy is glaring* The 
discrepancy has proved difficult to account for 
without ftggtitm'ng a new kind of nudear process that 
does not lead to any of the detected nudear-reaction 
products. 

At this time, the results of the Yamaguchi- 
Nishioka experiment show that especially strong evi- 



dence that some lands of nudear reactions do occur 
in the P&D system (and most likely other systems, 
as well) under appropriate conditions. 9 In accepting 
this as a fact of nature, one must also accept the 
need for a re-examination of the interaction of 
nudear states with dectronk and other states in 
solids. 

Are new physical concepts active in these 
systems (such as multibody or other solid-state fu- 
sion,) or is some standard approximation of physics 
being violated (slightly) m certain circumstances? 
Within physics, the implications are far-reaching. 
Within technology and sodety also, there stay be 
far-reaching implications. 

Deuterium is abundant on Earth, it comprises 
0*015% of all hydrogen, the most abundant dement 
in seawater, ami in the astronomical universe. While 
Pd is a rare and pnxteus metal, Tt and other hosts 
may work as welL The excess power density recently 
reported has usually been quite low. Yamaguchi did 
not discuss the power density obtainable from his Pd 
plates. However, the NTT experimenters have 
reported that the temperature of the 3-inch Pd 
plates rose to asJiigh as 800*C Temperatures above 
500*C can be used to provide high-grade thermal 
energy useable in efiident commercial production of 
dectridiy, for example. Even low-grade thermal 
energy, if cheap and safe enough, can be useful in 
architectural space heating, seawater desalination, 
and other industrial processing. 

Because we consider the NTT experiment to be 
a critical test of nuclear activity concurrent with the 
generation of excess heat by Pd-deuterium systems, 
we summarize the significant experimental details. 

THE NTT EXPERIMENT 

The NTT Pd plates are prepared in a separate 
vacuum chamber that is normally used for gold 
evaporation: 

First, a thin layer of MnO x is deposited on a 
stamless-sted heater. 

Second, the 30 x30 x 1 mm Pd plates are mount- 
ed in the vacuum chamber and exposed to 1/2 atm 
of 99.9% pure deuterium gas at room temperature. 
It is estimated that the deuterium loading factor (the 
concentration of deuterium atoms absorbed within 

• From PdiHsamples, no nudear reaction products were 
observed by the NTT researchers. However, explosive gas 
releases, sample warping, and excess-heat production 
(smaller) were observed in Pd:H samples, as well. 
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the Pd normalized per Pd atom) fe about 0.48. in 
the case of hydrogen exposure, the loading factor 
achieved by this process is estimated to be 056. 
(These values are considerably lower than OSS* the 
] o ? Htfi g factor generally is considered to be threshold 
for excess hat production in Pd electrolysis experi- 
ments.) '• 

Third, the top surfaces of the Pd plates are 
rapidly heated by contact to the MnO t «coated stain- 
less-steel heater, and cooled to room temperature. 
Fourth, an MnO s fihn 10-20 nm thick is depos- 
ited cm the surface through electron-beam evapora- 
tor, and is followed by 18-24 hr capo^ tb itoited- 
xun gas. The MnO, dm provides a surface barrier 
for om-dUIiision of deuterons, and abo a controlla- 
ble potential well for collection of deuterdns witlt 
appropriate bias (doiteron-aocumulation Myer.) 

Fifth, after evacuating the Aamb« to a pres- 
sure pklO" 5 T, a gold film, 200 nm thick, is depos- 
ited on the opposite side of the Pd plate from die 
MnO s film. This film provides a surface barrier for 
out-diffusion of deuterons without the possible 
deuteron-accumulatkm layer. 

Three samples* so prepared, are loaded at once 
into a UHV chamber. Both standard qjuadnipolar 
and high-resolution mass spectrometers are attached 
to the chamber along with a commercial 5 He neu- 
tron detector. Hie samples are mounted with a 
strain gage attached (on the An-coated surface), and 
a Sicharged-partide detector (depletion layer dq>th: 
300 fim). Seven! thermocouples are used for tem- 
perature measurement. 

The experiment is controlled by applying cur- 
rent normal to the Pd plate, at the level of 05 td0£ 
A/an 2 , or by sample heating, in both cases* it is 
suggested that migration of deuterium increases the 
deuterium-loading factor in the accumulation layer 
beneath the MnO, insulator . With sample heating, 
the temperature gradient is said to be the force 
driving the deuterium migration. 

Explosive gas evolution, warping and plastic 
deformation of the Pd, and excess-heat generation 
occur with "100% rep^udbaity" a welcome situa- 
tion in a field replete with reports of nonreprod- 
ucxbility. The detection of 4 He was added to the 
experiment only last August, but has been reproduce 
ible in five consecutive runs one week apart 

Control experiments using ordinary hydrogen 
gas loading of the Pd have been conducted as welL 
In these experiments, excess heat was observed in 



lesser amounts as well, but no accompanying nucle- 
ar-reaction products have been detected. 

OTHER EXPERIMENTS 

Tire most quoted experimental research in cold 
fusion hi Japan is that of Akito Takahashi [3] and 
coworkers. Their well publicized contribution to 
cold-fusion experimental technique has been copied 
by several other groups in various countries. The 
group presented three pipers at the Nagoya confer- 
ence, whfch updated several of their previous re- 
ports* 

Previously, Professor Takahashi had suggested 
that if nudear fusion can occur m solids in spite of 
the targe internudear distances, then one may 
conrider whether mtf^ might also 

occur. For theP<£D and Ti3> systems, Professor 
Takahashi has suggested events tiiat involve three 
and four nudd of hydrogen or deuterium, and that 
result is emission of reaction products such as ! H, 
«H, s H, 5 He,and*He. 

in his invited presentation, Dr. Takahashi 
asserted that cold fusion is prowd, that three-body 
fusfon products have been identified, and that a new 
science c$ 'solid-state nuclei' physics has been bom 9 
although dearly with scant theoretical basis. 

In electrbfysis experiments^ theTa^ group 
uses several periodic modulatiOT methods, thieving 
excess beat fairly consistently, and in some cases 
measuring low levels of nudear reaction products- A 
low-high atternatfon of electrolysis current with a 12- 
hour period^ or a saw-tooth ramp, or a six to eight 
step cumnt-increase pattern are used in open 
electrolysis cells, the value of the deuterium load- 
ing factor is determmed to fie between 0 £ and 0.95 
m cases where excess heat is generated. 

The Takahashi group also reported studies of 
thin (19 jtm) foils of Pd loaded with deuterimn from 
a 250 keV deuteron accelerator. To inhibit 
out-diffusion, the back side of the foil was coated 
with Ag (0-3 jtflfc) Si charged-partide detectors and 
a micro-channel plate were used to monitor emis- 
sions. Although most of the nudear paitides detect- 
ed were products of deuteron-deuteron scattering, as 
expected, a small but statistically significant peak in 
the 3 to 5 MeV energy range lay beyond the 3 MeV 
cutoff of the deuteron-deuteron scattering products. 
Further experiments are proceeding, and various 
experimental parameters are varying. 
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Titanium is a 
nam), as well as being an abundant element Several 
papers presented considered the possibility of cold 
fusion inTuD systems, in whicb loading factors up 
to 15 have been obtained. Jiroott, Kasagi [4] and 
coworkers at Tohokn Unftcnhy reported observa- 
tions of high-energy protons emitted from Ti upon 
bombardment with a 150 keV deuterium beam. AD 
protons with energy bdow about 9 MeV can be 
accounted for by the normal D(d,p)T reaction and 
•pileup" peaks related to this. 

However, consistent appearance of a broad 
peak, 125 <Ep < 165 MeV, and occasional appear- 
ance of a sharp peak at Ep > 14.1 MeV were 
anomalous. The broad peak was interpreted as 
resulting from sequential xeactfons: IKdrHe^ and 
D(^Ie,p) 4 He. Tie broadening is due to the isotropic 
distribution of the kinetic energy of the ^He created 
in the first reaction, and its energy toss as * trawls 
through the Ti metal Calculation of the stepe of 
the broad j^ak based cm the sequential reaction 
model showed good agreement with the observed 
peak shape, 

Tbe sharp peak at 14.1 MeV is attributed to 
protons torn H^d^He, in which the 3 He is at 
test after having been stopped sn the Ti metal This 
is considered important evidence that 3 He is accu- 
mulating in the Ti lattice because of the nudear 
transmutation during the deuterium loading process. 
The sharp peak has appeared in only three of 50 
experiments, a fact attributed to fluctuations in the 
structure of TiD x consistent wit* the special condi- 
tions for nudear-fiuton reactions to occur. Titus the 
Tohoku group has joined the growing list of investi- 
gators who think they have evidence of cold fusion 
in the TH> system. 

Presentations of countrywide reviews of cold- 
fusion research were given by Xing Zhong U [5], 
Vladimir Tsarev [6J and Franco Scaramuzzi [7J, 
They summarized research in P. R. China, Russia 
and related countries, and Italy, respectively. 

Although the number of locations in China that 
are involved in cold fusion research has beat re- 
duced in the past year, a strong and well coordinat- 
ed research program continues. Li reported a 
neutron count rate of 8000/s reproducible for more 

[than 18 months. He reported neutron activation 
experiments on In and Ir foils that give near theoret- 
ical lifetimes of 53 min and 19.6 hr, respectively. He 
reported observation of neutron energy spectra from 



Nb electrodes that had been loaded with deuterium, 
helium or hydrogen. The neutron emission count 
rates for the latter two gases was 100 times smaller 
than for NfcD electrodes. 

Li expressed the opinion that cold fusion has 
been confirmed He concludes that Pd is not neces- 
sary, as witnessed by their Nb experiments, but that 
a film of some metal is n ece ssary . Abo, Li referred 
to the new sciatce rfsoM-sUJU mickar physial 

A most entertaining and artistic review of 
research in the now fissioned OS was given by 
tsarev. He summarized 25 p^f^ pubEAed in the 
former USSR during the past year, down from 80 
the previous year. 

The leading result from this group was Kabir 
Kaliev* [$j p^, ^q^ucible Nudear Reactions 
during Interaction ci Deuterons with Oxidized 
tungsten Bronze.* Using NajWO, single crystals 
dosed with deuterium, Kaliev claims t 100% 
reproducibility of neutron emission results in 93 ex- 
periments. With hydrogen dosing, no experiments 
gave neutron emission. Some, but not ail experi- 
ments also produced increasing temperature. Photo- 
micrographs of the Na^WQ, crystals showed parallel 
channels, which were effective diffusion paths for U 
atoms* These experiments ' are currently being 
checked at Lebedev Institute in Moscow, 

Another paper summarized by tsarev daimed 
high excess-power generation in a deuterium glow 
discharge. The best result was 33 W, or 500% 
excess-power generation. Emission of slow neutrons, 
fist neutrons, charged partides, and acoustic waves 
were studied in other Russian experiments. Tsarev 
summarized tha^c^^ are 10* times 

more prevalent than neutrons in these experiments, 
but that 99.9% of the heat generation remains to be 
accounted Cor. 

Tsarev recalled studies of years ago at 
Novosibirsk ofUD + D^O, yielding UOD + D 2 and 
weak neutron emission. These studies were con- 
firmed by bating scientists from Moscow, but never 
explained. 

Scaramuzzi summarized ten papers from Italy. In 
a subterranean tow-background laboratory, no neu- 
tron emission was detected from Pd electrodes used 
in electrolysis, or from deuterium loaded titanium. 
However, at Padua, 25 MeV neutrons were detected 
from deuterium-dosed Pd and TI plates. These 
emissions were in the form of bursts of about 50 hr 
duration observed after 20 days of cell operation. 
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THEORIES 

A great deal is known about the structure of 
hydrogen in Pd and other metals. In equilibrium in 
the P<fcD lattice, a phase of PdD forms in which the 
deuterium pontics octahedral sites about the Pd 
atom. The b-D distances are very large: 0,245 nm. 
Around a Pd vacancy, this distance shrinks to 0.185 
nm, stiff very huge compared with 0X74 nm of the 
deuterium molecule, hi which fusion does not occur 
spontaneously* of course* 

Yub Fukai [9] reviewed the ABCs cf the 
hydrogen-metal system tot the conference. If *mo 
deuterium nudei were forced to approach each 
other against the repulsive force of die Coulomb 
barrier, Fukai asked, at what internudear distance 
would the probability of a fusion reaction reach a 
reasonable level, say 10-?° per nucleus per second. 
Using standard nudear reaction theory, he obtained 
the resist 0.015 hm* or about a fifth at the equilibri- 
um separation in molecular deuterium* If no screen- 
ing is assumed, the repulsive Ckutomb-barrier energy 
at that separation is 96 eY, which is much farmer 
than might be provided by pbonons or other nonral 
types of lattice interactions. 

Of course, screening of the Coulomb interaction 
must be considered However, the conduction elec- 
tron density available for screening the d»d interac- 
tion is much too low. The ten 4d electrons of Pd are 
in a dqsed-sbeU configuration, tightly bound to the 
Pd atom, according to accepted atcmktheoiy. Thus, 
the density of electrons available for screening die 
d-d interaction, thereby reducing the strength of the 
repulsive Coulomb interaction, is completely inade- 
quate. Hence, lattice forces available fin* squeezing 
deuterons together are one-hundred-fold too weak 
by accepted solid-state theory. 

Among several attempts to explain cold fusion 
phenomena using solid-state physics concepts are the 
papers by Scott Chubb and Talbot Chubb of Re- 
search Systems, Inc, Arlington, VA. [10}. They 
conceptualize an ion band structure for the deuteri- 
um ions in the Pd metal, as has been hypothesized 
previously for hydrogen on metallic surfaces. 

By applying the concepts of ddocalize4 period- 
ic band-strocture-type wave functions to the deuteri- 
um in the Pd metal, the Ghubbs argue for deuterium 
nuclear reactions that are net dominated by interac- 
tions between individual deuterons. Invoking the 
indistinguishability of deuterons as in Einstem-Bose 
statistics, they argue that the Coulomb barrier that 



normally prevents two nuclei from approaching each 
other closely enough for fusion to take place does 
not prevent fusion of deuterons in the periodic 
potential of the Pd 

Perhaps the most serious attempt presented at 
the Nagoya conference for developing a physical 
theory that allows for significant sudear-fusion 
reactions over interatomic distances in metals was 
presented by Peter Hagdstdn of MTT jlfy Using 
two innovative concepts, Hagelstem calculated the 
probability of coherent transfer of a virtual neutron 
to the rite of another, remote nucleus. Surprisingly, 
he found that coherent transfer of • virtual neutron 
should be possible to nudei as far as one micron 
away in the periodic potential of the metaL He re- 
ported that Bragg scattering of the virtual neutron 
shendd be enhanced by l(r to 10 4 . He used the 
Franck-Condon factor to couple nudear energy with 
lattice energy via localized vibrational modes sur- 
rounding tetrahedral sites (not the normally occu- 
pied ocubedral sites) in Pd2X 

Giuliano Preparata [12} described his quantum 
electrodynamical (QH>> theory presented in 1989, 
which will be included m his forthcoming book on 
quantum electrodynamics in condensed matter. He 
argues that using QED to desctflfe the screening 
interaction, the Pd4d-electrons can be used to effect 
screening of deuterons as far as 0.7 am from the Pd 
atom. In this case, fusion should occur at either 
tetrahedral or octahedral deuterium sites in Pd. 

Jean iPierre Wgier [13) suggested using the 
qpantutnyf**^^ 

of Plutov to describe cold nudear fusion. He looks 
for evidence of capillary conduction, which gives rise 
to Ampere's Law forces that break the capillaiy into 
beads. His theory predicts excess beat from electrol- 
ysis using H 2 d as well as Dp! 

SUMMARY 

Three and one-half years after the dramatic 
initial announcements) cold fusion remains a most 
highly controversial Odd of research. Most scientists 
would agree, probably, that each good research 
scientist possesses two vital characteristics: curiosity 
and skepticism. Both characteristics must be present 
and balanced for the research scientist to function 
effideatly. 

No research exists without curiosity, and no 
science exists without skepticism. Yet we scientists 
are mortal human beings with human frailties and 
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inadequacies We may neglect, or even purposefully 
ignore our philosophical principles in certain circum- 
stances. 

A scientist, without his natural curiosity, reacts 
with cynical rejection of any report that conflicts 
with his current understanding cut nature. A scientist, 
without his natural skepticism, reacts with chad-Eke 
gullibility to reports of wondrous new observations 
of nature. Both of these polarizing reactions are 
noncontributing embarrassments to the scientific 
community. Both of these extremes were parent at 
Nagoya. 

Gold fusion, as * field of research, has suffered 
(and perhaps also benefitted?) from the human 
lapses of its practitioners and its critics. Both posi- 
. tive and negative effects were abundantly evident at 
the Nagoya conference. The positive aspect was the 
jptiffitiiattn£ atmosphere for those hot so emo* 
tion-bound as to be unable to appreciate the humor 
of the scene, full-grown (yet immature) scientists 
making 'fools of themselves before their colleagues 
and the ubiquitous television cameras! 

As a new field of research, cold fusion is more 
prone to polarizing reactions than other new fields 
that in recent years have be«i opened through 
dramatic discoveries. Experimentally it crosses inter- 
disciplinary lines by invoMngsuch disparate fields as 
electrochemistry, nuclear physics, solid state physics, 
materials science, and others. Also* the data have 
been unusually difficult to control experimentally. 
This circumstance applies great stress on the most 
fundamental premise of pineal science: the infinite 
reproducibility of experiment 

Theoretically, the explanations suggested by the 
curious sdenttsts have stretched far beyond the ex- 
perience of skeptics. This mix of reactions has been 
psychologically and socially explosive, producing the 
most deprecative public criticisms recorded by 
reputable scientists in this century. Clearly this 
outrageous behavior has not contributed to a dispas- 
sionate, scientific evaluation of research results. 

A major psychological difficult was the use of 
the torn cold fusion, which invokes images of an 
inexhaustible source of cheap energy for society, and 
major deficiencies in current nuclear theory. A more 
appropriate term suggested at the conference was 
anomalous nuclear reactions in co nd e n sed matter. 
Although it may be too late to prevail upon the 
scientific community to switch terms, softening the 
expectations for cheap energy might reduce the 
emotional extremes and polarization of the scientific 
community. 



Perhaps the dearest scientific fact, at this time, 
is the hardest for physicists to accept: nuclear reac- 
tions apparently do occur in deuterium-loaded Pd, 
Tit and probably in other solids, the most exciting 
claim for technology and society, that of the avail- 
ability of large quantities of thermal energy in simple 
electrolytic ceDs, is the daim that is least reproduc- 
ible. Even this daim seems to be gaining credibility, 
although at reduced energy densities. The quantita- 
tive connection between the two remains problemau 
icthat fact is a discouraging one for scientists; 

For the progress of knowledge, and for assessing 
the potential technological and social impact of cold 
fusion, it is important to control reliably the genera- 
tion of thermal power. Neither science nor technolo- 
gy can progress Car without reliable, reproducible 
experiments. Researchers are working hard toward 
this goal, and some may have achieved it. It is dear 
that deuterium loading factors, and all the material 
parameters involved in that, need to be studied 
carefully along with schemes to minimize 
out-diffusion of deuterium. 

Nondeuteriuxn systems that have been reported 
to provide excess heat should be pursued vigorously, 
seeking the controllability and reproducibility neces- 
sary to convert these observations into acceptable 
scientific fact. Both Mahadova Srinivasan [14], 
Bombay, and Yamaguchi reported e x ces s heat 
production in systems involving only *H. In 
Srinivasan's experiments, the excess heat generation 
was accompanied by detectable nudear products, 
while Yamaguchi found no neutron or 
charged-partide emission accompanying excess-heat 
generation in hydrogen-loaded Pd MOS plates. If 
nudear reactions occur in l H4oaded solids, mech- 
anisms beyond those suggested by Hagetaein must 
be involved. 

It seems important to remind ourselves that 
neither excess-heat generation nor solid-state nudear 
events are observed in crystals of natural minerals, 
for example. If such reactions occur m aystals, 
which are loaded with *H or 2 H, there must be a 
trigger or control process that rarely functions in 
natural materials. On one hand we ask how 
solid-state nudear reactions can occur. On the other 
hand, if we accept as fact that solid-state nudear 
reactions do occur, we must ask why they are so rare 
in our Earth. 

It has become dear that a more concerted 
theoretical effort is now justified to understand, first, 
whether the occurrence of nudear-fusion reactions 
in solids can be justified within current basic 
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physical theory; and second, how the level of excess- 
power generation that has been reported might be 
rationalized with the low level of nuclear reaction 
products observed 

There is much research to be done before a 
dear understanding of the phenomena called cold 
fusion can be claimed. Now, ft appears to be justifi- 
ably on scientific grounds to pursue this goal Recent 
news reports hi Japan suggest that Mm now con- 
curs in this judgement When the new budget is 
submitted to the Japanese Diet in early 1993, MFITs 
judgement win be apparent MITT* Hydrogen 
Energy Study Group, a consortium of industrial 
researchers! is expected to pursue this subject vigor- 
ously. NTT has announced plans to follow up and 
expand the research results of Yarnaguchi and 
Nishioka. In all, in Japan, at least, USS10M per year 
will be spent on research in this field over the next 
few years. 

Certainly China and probably Russia, India, and 
Italy plan to pursue research in the science of 
solid-state nuclear physics, and in its potential 
applications to energy technology, as well In all, 
there is reason to believe that a dearer understand- 
ing of the science and technology of anomalous 
solid-state nuclear and spontaneous excess-heating 
phenomena will be forthcoming. 
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THE INFLUENCE OF CONDUCTIVITY ON THE NEUTRON GENERATION 
PROCESS IN PROTON CONDUCTING SOLID ELECTROLYTES 

A. L. Samgiri, A* N. Baraboshkih, I. V, Murigin, 
S. A. Tsvetkov, V. S. Andreev, G. Vakarin 

620219 Institute of HigteTemperature Electrochemistry, 
Russian Academy of Science, Ekaterinburg, RUSSIA 

The cold fusion process accompanying a generated nuclear erafesion (neutron, for 
example) was obseived in soWs with different conductivity types: in metals 1 , tungsten 
bronzesV^ and proton conducting solid etectroiytes 4 - s . In this case the 

investigation of the phase transition influence resulting in a change of conductivity in the 
neti^n generation process is of great importance* The proton conducting solid electrolyte, 
possessing only protonic conductivity in the high temperature region, was selected as an object 
iaf our research. The method of this investigation is described in this volume, the sample's 
th^pc^dtng after filling the cell with deuterium and electrolysis revealed a neutron emission 
exuding the background on the tevef 4 cr during definite temperature mtervals. When a high 
deuterium pressure was produced m a eslf (up to 3 atm) t the sample's partial reduction was 
observed, accompanied by the sample turning blade The sampfe reduction resulted in a 
sustained electronic conductivity air atmosphere at room temperatures. The fact that the 
neutron generation process stopped after the sample reduction may relate particularly to mixed 
electonic-^tibhic to electronic conductivity passage. 

ThV investigation of this deuterium-solid state system's property pern *s a new 
interpretation of ahornalbus nudear^tectron etects. The same behavior is in agreement with 
one of the main conditions of cold Vision— the formation during deuterium satriifction in strongly 
nonequilibrium conditions of the local inhombgeneous zones with an abnormally increased 
deuterium^ ^ concentration relative to the lattice atoms 6 , with a hypothesis of formatting the 
regions with diele in Pd 7 . 

Here we may mention that the discovered effect is in agreement with the neutron 
emission observed in monocrystals of tungsten bronzes 2 during the changing of the alkali metal 
con^rttration (for example, by replacing with hydrogen isotopes), which produces 
semicbrKiu^ and dielectricat layers. Current observations ai^o correlate welt with the 
investigations of deuteron emission from sofids with segnetTOlec^c^ielectric or 
gegnetpeiectric*iqn conduction 3 . This presents peculiarities of the nature of conductivity that 
may also be useful in understanding both mechanisms which have a common origin in 
erectrbma^retic c^nem t^haviorm dense media, and capillary fusion in s^dal stru^ with 
channels 8 ' 2 . 

Obviously the nature and the mechanism of conductivity and the existence of 
muttilayered structures with different conductivity types in solids appear to be the additional 
crifieat conditions of ah abnormally increased rate of nudear-eiectron reactions in a solid state 
deuterium system. 
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DEUTERIUM ABSORB ABE/ITY AND 
ANOMALOUS NUCLEAR EFFECT 
OF YBCO RICH TEMPERATURE 
SUPER-CONDUCTS 

JIN Sbangorian, ZHAN Fu-xiang and UU Yu-zhen 
Graduate School, University of Science and Technology of 
Chin^ P.03ox 3908 y Beijing 100039, PRC 

'The experimental sutdtes of YBCO- D system indicated thai YBCO high tempera- 
taresapeMCoductor (HTSCV^ 

bflity aad anomalous auclear effect -Etc paHadiuinffi. We found tint YiBagCasQr.* 
could absorb deuterium at normal temperature and lonns DyYiBaxCuaOr^. We 

alsofei^ 

larger th an badLgroun^ 

tics of YBCX> HTSC and the met ^ are not clear 

sod seeded to be farther studied* 

In this experiment the YBCO HTSC sample was prepared by ^ a new technology/ y 
that high speed direct combine of YyOj, Baj and CuO which were made up on 1, 2 and 
3 weight. The zero resistance temperature of the sam^ The experimental 

system is sketched in Fig.L The YiBaaCnaO^ pellet or powder was pat on the frame in 
the vacuum dumber. The CR— 39 unclear track etch detectors which are used to detect 
ciarged partides were placed aroand the sample. The chamber was evacuated to about 
1(T 3 torr aad 2 days after 

the CR-39 were taken out and etched and observed in the microscope 




1. D3 tand, 2. Vacuum chamber 
3. Valves, -4. Vacuum gage 

5. An- Si surface— barrier 

6. YBCO HTSC sample, 7. CR-39 

8, Sample frame 

9. Vacuum pomp 



Fig.L Experimental set up. 

The specific property of deuterium absorption by the YBCO HTSC in the normal 
temperature is shown in Fig.2. The content ratio of deuterium in DrYiBa^CuaO?-* was 
about x~ 02, Fig J3 shows a photo of nudear tracks on the CR-39. The net number 
density of the trades after subtracting the background was ~ Zxl&fon*. The statistical 
distribution of the tracks with areolar surface mouth on the CR-39 which were produced 
by the vertically inddent partides is shown in Fig.4. For comparison, the statistical dis- 
tribution of the tracks with circular surface month on the CR-39 which were produced 
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Calorimetric and Nuclear Products Measurements at Glow Discharge in Deuterium 

Yan KUGHEROV , Alexander KARABUT and Irina SAWATtMOVA 

Scientific Industrial Association "Luch*Y24 Zhelesnodbiozhnaya St, Podolsk, Moscow Region, 

Russian Federation 142100. / Future Energy Applied 

Salt Lake City, Utah 84108, USA. 

Abstract 

The results of four years of experimental work on glow discharge in deuterium with cathodes 
made of palladium and other materials are presented* About 500 experiments were made. The typical 
catho&aitawasM 1-20 Torr range. 

Discharge current varied m 10-lOOinA and voltage in 100-SOQV range [1>2]. 

The measuring i nstrumen ts included slow and fast neutron detectors,, neutron spectrometer, Nal 
and Ge-Li gannna-spectrometers, two-channel duu-ged paiticfe spectrometer with various SSB detectors, 
X-ray film, activation fofl and track detectors, heat Iw^type caforimeter. AH of the instruments could 
work simultaneously, except calorimeter-SSB combination. 

As a result, maximal measured excessive heat was about 30W and about 1 0KJ; about ten times the 
heat that could be produced in chemical reactions with existing deuterium and up to five times the 
electric input Excessive heat was observed in about 50% out of 78 experiments in which calorimeter 
was used In different experiments heat produc ion was not correlated with neutron or gamma fluxes, but 
in a separate experiments h was. Maximal Pd-cathode temperature at which nuclear products could be 
observed was ~ 500°C. 

Neutron fluxes with intensity up to 10 7 n/i were observed by activation-of silver foil, ^e-filled 
detectors and scintillation detectors. Neutron spectra showed neutron energies up to ITMeV with 
anomalous shift to high energies (fWec^^ d-d reaction. 

Ganmia - spe c tr om etry showed low level radioactive isotopes formation. Together with half - life 
time measurements it allowed to identify some of the isotopes, such as Rh and Sr isotopes. Most of the 
tines (~1 00) are still unidentified. Non-background gamma-lines sometimes can be seen for few days. 
Most of the gamma-lines appear in lower than 300KeV region. X-ray films outside the chamber with led 
screens show some beam-like spots with energy 100-200 KeV. 

Charged particles registration with SSB and CR-39 detectors showed good correlation of the 
results obtained by these metiiods. Maximal observed fluxes of charged particles were ~10V. SSB 
detectors which could see the cathode from inside the vacuum chamber and from outside through 
Be- window showed charged particles with energies up to 1 8MeV with average energy 2-4 MeV. 
Degrading foil method showed existence of heavy particles in the spectra (A > 4). 

X-iay film wfo showed X-ray fluxes up to lOV with soft (<lKeV) and hard 

(!0-30KeV) components. Sometimes characteristic X-rays of palladium can be seen with Ge-Li detector. 

The sum of aH measured products canies energy 4-5 orders less th^ 
of registered products are hot related to heat effect 
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ELECTROLYTIC HYDROGEN/DEUTERIUM ABSORPTION INTO PdYRh ANDPd-As 
ALLOYS IN FUEL CELL TYPE CLOSED CELL 8 
H. Akita, Y. Tsuchida, T Nakata, Akihiko Kubota, Akiko Kubota, M. Kobayashi, Y. Yamamoto 

N. Hasegawa, N. Hayakawa and K. Kunimatsu 
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3-6 Techno Park 2 cho-me, Shimonopporo Atsubetsu-ku 
Sapporo, 004 Japan 

INTRODUCTION 



Signfficance of high loading by deuterium in palladium cathodes for excess heat 
gen^oa has been well recognized since the recent works to correlate quantitatively excess heat 
ami deuterjiimJoading ratio D/PdlUJ. However, the experimental condftions for the high 
lc^g is not&lly understood yet because the loading can be influenced by many experimental 
parameters. The ampf the present reppit is to review important parameters controlling 
electrcjyttc loadmg of hydrogen and deuterium into Pd and Pd based alloy cathodes based on 
da^ ob^^ m our laboratory. Possible factors crotrolmig cathode loading are: (1) cathode 
materials, (2) cathode pretreatment, (3) surface modification, (4) electrolyte (5) electrolvte 
current density w cathode overvoltage, (6) temperature. 7 3 



EXPERIMENTALS 



Expenmental details of electrolysis method utilizing a fuel cell anode in ^pressurized 
closed^ for m-«to detommation of hydrogen/deuteriiim loading in cathodes haw been 

ftfiSltSSfSSti? 6 J^S^'J?? conducted mostly under galvanostatic conditions. 
The loading ratio H(D)/M, where M stands for the cathode metal, has been determined mostly 
fromO» pressure decrease of hydrogen or deuterium gas in the cell after the electrolyte was 
started. In some cases the loading ratio was determined also from cathode resistance 
measurements in order to check consistency between the loading data obtained bv the two 
methods. 

p* p>* JhtS^ 1 ^ C ??? ie materials 00 1,16 loading was studied by comparing the loading on 
^h^S 5° yS - Pd ; Ag ^ A composite of palladium and silver madefy diffusion joint 
of those plates using a plasma smtering method was also studied and its Ic^g characteristics 
was cellared with other materials. 6 w«u«mcti»h» 

Cathode pretreatment was standardized to polishing, degassing in vacua at 200°C for 

^ ™£f£ 'SgFlflF& SU ? aCC eIe ^ ing by scanning electrode potential between 0.4V 
and 13V(vs. RHE) at 50 mV/sec. for ten mmutes under hydrogen or deuterium gas before 
pressurizing the cell. 

Eject of surface modification was studied in two ways: firstly by adding catalytic poison 
such as thiourea wjuchis a&orbed on the cathode surface and inhfeits the hydrJgen deWtion 
process, 2H (adsorbed) H ? . The organic substance like thiourea can be uLionly fauSfS 
cell type cell m which potential of the fuel cell anode during electrolysis is not high enough to 
evolve oxygen ^consequently thiourea is not oxidized at anode. Secondly, the Pd surface was 
modified geometneally by asputtered gold film leaving a minor portion of me Pd surface 
a/^J 0 etectrolyte. The electrolysis current is focused to the exposed Pd surface at which 
the actual current density could be much higher than the nominal (average) currentdensiry ove7 



the cathode surface. The loading of hydrogen into such a Pd cathode would be higher because of 
the higher cathode overyoltage. 

The effect of electrolyte was studied fcfcusing on the difference between acids and bases 
and in particular on the role of alkali metal cations in the hydrogen loading into Pd cathode. The 
study has led eventually to loading experiments in alkaline solutions without alkali metals, Le. 
tetramethyl ammonium hydroxide. 

The effect of electrolysis current density was investigated by measuring dependence of 
H(D)/Pd on current density up to 1 A/cm 2 . The dependence was converted to the dependence on 
cathode overvoltage for hydrogen evolution which was measured with respect to the reversible 
hydrogen electrode, (Pt/PtX in the same solution, and was corrected for die IR drop between die 
cathode and RHE. 

The effect of temperature was studied by observing change of cathode loading by 
hydrogen/deuterium when tenqjerature was changed from l0 o C to 60°C The temperature 
change was executed in two ways: firstly, cathode loading was determined at each temperature 
in different cells, and secondly the temperature change was given after the cathode loading of 
hydrogen in lMLiOH and of deuterium in lMLiOD has reached 6,94 and 0.85 respectively at 
I0°C. The temperature dependence at the high loading conditions both for hydrogen and 
deuterimn were studied in this way. 

RESULTS AND DISCUSSION 

The results are summarized briefly as follows: 

1. All the factors studied have significant influence on cathode loading ' v 

2. The cathode loading is strongly reduced by the presence of alkali metal cations, in 
particular potassium ions, in the electrolyte. 

3. High current density is of primary importance for higher loading. 

4. D/Pd on Pd higher than 0.9 ^ achieved by surface modification. 

5. DZM = LO can be achieved for Pd-Rh alloys, where M= Pd + Rh 

6. Cathode loading determined by resistance measurement is consistent with data obtained 
by pressure measurement 

Experimental data to support these conclusions and their significance in the excess heat 
measurements will be discussed. 
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Anomalous Heat Evolution from SrCeOa^Type Proton Conductors during 
Abaorption/Desorption of Deuterium in Alternate Electric Field 

Tadahiko Mizuno, Michio Enyo, Tadashi Akimoto and kazuhisa Azumi 
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Abstract 

The cold fusion phenomena were tested with use of proton conductor 
solid electrolyte plates maintained at 300 ~» 400 *CL An anomalous level of excess 
heat evolution of the order of 100 watt cm" 9 was observed during 
absorption/desorption cycles of deuterium-containing hydrogen gas under 
application of an alternate electric field* 

1. Introduction 

The alleged cold fusion reaction observed is accompanied by a very low 
and weak level of neutron emission, by occasionally rather a high level of tritium 
production and by a limited number of cases of low or high level of heat 
evolution* Nevertheless, reproducibility is generally still poor, as no adequate 
control of the reaction is possible due to lack of knowledge of its mechanism, It 
is hopeful that some theoretical attempts have been reported such as the one by 
Chubb el aL <0 who discussed a high possibility of D-D nuclea fusion in solid 
state, which may yield *He* 

A common system widely employed is the electrolysis of Jipavy water 
using; Pd electrodes, in which one reason of experimental difficulties is that 
deuterium charging into the sample requires extremely king time* Takahashi*** 
observed a large amount of heat generation by employing cyclic changes of 
current on Pd in heavy water electrolysis* This suggests that a kind of 
perturbation in electric current may be advantageous* Tamaguchi tB> reported a 
dear evidence of ^He production from a Pd plate Whose each face were covered 
with MnOa and Au film, respectively. In this work, the sample was believed to 
contain comparatively low concentration of deuterium, and it was heated up to 
several hundred degree centigrade by an electric heater* This may mean that 
quick raise of temperature is advantageous, in spite of the view that solubility of 
deuterium is lower at elevated temperatures* However, the condition of heat and 
other reaction products showed very low reproducibility and no controllability* 

Common to these cases, a kind of triggering might be helpful in this 
reaction* With the consideration that the reaction may occur with a chaotic state 
caused by the movement of proton in an array of the atoms of the specimen, we 
have tried to use proton conductor ceramics at suitable temperatures and to 
apply an alternate electric field* 

2* Experimental 

2.1 Samples 

Samples were made from a mixture of SrGO», CeO a , Y a 0 3 and ONbaOa 
powders* Mixed oxide powder was once sintered in a furnace at 1440 *C in air for 
24 hrs, and was pulverized, again mixed and filtered to 400 mesh . The powder 
was pressed to form a plate of 0.8 cm diameter and 0.1 cm thick in a . pressing 
machine and was again sintered in a furnace at 1460 *C in air for 24 hrs. Both 



sides of the sample plate were then coated with porous Pt film, 0.05-^0. 15 /*♦ m, by 
applying Ft paste and calcination at 700 "C for 24 hrs. 
2.2. Measurement 

Sample was held with Pt plates of 1 mm thick pressed to both sides and 
fixed on a copper holder (5 x 4 x 2 cm) with a thin (0*1 mm) mica film in between 
Pt and a Ni plate which is connected with a stainless steel-coated thermocouple* 
A heater wire passes through several holes drilled in the copper holder* The 
holder is fixed with use of stainless steel bolts which were connected to bottom 
6t the metal fitting of a glass jar. The glass jar has a cover flange which has 
several electric connectors: These connectors were used to introduce 
thermocouples, electric power lines for temperature control, electric field signals 
supplied to the sample, etc* Reaction cell is made of a 5 mm thick stainless steel 
cylinder with 8 cm diameter and 30 cm long* 

Sample temperature was kept constant by means of a stabilized power 
supply* The electric field Was supplied from a function generator via* a power 
amplifier* The electric power was recorded continuously by means of a recorder 
and two digital voltmeters for current and voltage* Temperature was also 
recorded by a digital voltmeter at 0.1 *C of precision* The pressure of the 
system was measured by a preMure-to-voltage transducer* Temperature vs* 
input heater power relationship was calibrated for various gas mixtures* 

3; Experimental Results 
SrCea oT& o»Nba. oaOa. o? and AlaSio. ©6* dummy sample, which are placed 
in the atmosphere of deuterium-containing hydrogen gas* The samples were 
heated by the heater, and the temperature rose up to a constant level of e.g. 383 
*C within one hr* The deuterium gas was then introduced into the reaction 
vessel: Temperature once fell down to 360 "0, but it again started to rise, 
attaining 410 *C after 5 hrs and this temperature was maintained at least for 20 
hrs at which the experiment was terminated* In the other cases of hydrogen gas 
with the same type of sample or dummy sample in deuterium-containing 
hydrogen the tern fell down to about 270 *C within one hr and stayed 

there afterwards. Thiis type of temperature fall should weR be accounted for as 
due to increase of heat loss caused by thermal conduction bf hydrogen* A small 
difference recognized between and hydrogen is probably caused by a small 
difference in their thermal conductivity* 

The heat generation from the proton conductor in the experiment of 
deuterium-containing hydrogen gas was estimated to be approximately 50 watt 
(—100 watt cm~ a ) over 20 hrs* or 3.6 MJ in total* The input power given to the 
sample was + 18 V, ± 40 $i A, or 7*2 x 10~* watt. Accordingly, the 
output-to-input power ratio was estimated to be as large as 7 x 10*. 

Reference 

HI T*A*Chubb and S*R*Chubb; Fusion Technology, 20(1991)93* 

(2) A*Takahashi, A*Mega, T.Takeuchi, H.Miyamaru and T.Iida; Proceedings of the 
Third Int* Conf * on Cold Fusion, Nagoy a, (1992)79. 

(3) E*Yamaguchi and T*Nishioka; Proceedings of the Third Int. Conf. on 
Cold Fusion, Nagoya, (1992) 179. 
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HEAT AND HELIUM MEASUREMENTS IN DEUTERATED PALLADIUM 

M. RMUes and B.F. Bush 1 
Chemistry Division, Research Department 
Naval Air Warfare Center Weapons Division 
China Lake, GA 93555-6001 USA 

Our previous xesdts present a cone^ 
production in D20^IiOI> electrolysis cells using palladium cathodes.? The measured rate of 4 He 
production (10 ll -lW 2 ^fc^W) is the correct magnitude for typical deuteron fusion reactions 
thadt yield helium as a product? Because helium is present in the atmosphere (5^ ppro), it is 
difficult to convince everyone that the 4 He measured in the electrolysis gas is a produa of a 
fusion reaction within the cell. It is indeed a very challenging experimental problem to dearly 
establish the production of ^ situation is compounded by 

difficulties in obtaining large excess power effects in these experiments* 

Table I presents the theoretical relationship between the excess power and helium 
prftductiCTi asCTiriing 2D + %D *He + 23.8 MeV as die major ^ 

being deposited within die calorimeter. At low levels of excess power, the uncertainties in 
measurements of the helium and the excess power are rather large. When the excess power 
exceeds 0.2 W t however, it could be possible to correlate the rate of 4 He production with 
proposed fusion reactions. It should be noted that for any given excess power, the helium 
concentration in the electrolysis gas stream will be inversely proportional to the current 

Helium measurements in D2Q and H2O control experiments are presented in Table H. 
Metal flasks were used to collect the electirolyds gas samples in order k> minimize atmospheric 
contamination due to helium diffusion through glass. 3 The helium concentrations in Table D 
support a detection limit of approximately 10* 3 4 He/5G0 mL in these experiments as reported 
previously. 3 Mean values for die measured helium concentrations in these control experiments 
are4.4ia6 ppb or 5,1 ±0.7 x IG 13 4 Hc/500 mL. 

For experiments producing excess power, five helium measurements using these same 
metal flasks hkve been completed. These experiments yield a mean value of 2.0 ±0^ x 10 11 
4Hc/s»W after correcting for background levels of helium mcaaired in control studies (Table II). 
This Value is once again the correct magnitude for typical deuteron fusion reactions that yield 
4 Hc as a product 3 However* the excess power levels measured during the c^Ucction of die gas 
samples in these new experiments were less than 0.1 W t hence experi m ental errors are rather 
large (Table I). Further experiments using metal flasks are needed tim involve equal numbers of 
control cells and cells producing large excess power effects. This should provide additional 
statistical evidence regarding helium production in Pd/DiO electrolysis cells. 

L Present address: SRI International, Menlo Park, CA 94025 USA 

2. M. H. Miles* et aL, /. ElectraanaL Chem^ Vol 346, pp. 99-117 (1993). 

3. M. H. Miles and B. F. Bush in "Frontiers of Cold Fusion," H. Hcegami, Editor, Universal 
Academy Press, Tokyo, 1993, pp. 189-199. 



TABLE L Theoretical Relationship Between Excess Power and 
Helium Reduction. Magnitude of Experimental Euros. 



Px 


4 He* 
(ppb) 


4 Hc 
(atoms/DUU mL) 


4 He Error* 

/Of \ 

(») 


Galcirirnetric c 
Error (%) 


6.056 


5.6 


638xl0» 




40 


6.166 


1L2 




8.9 


26 


O.26& 


22.4 


Z55xl0 14 


4.5 


10 


0.500 


5*6 


638 xlO! 4 


M 


• :4 : ; 


ii66 


1116 


1.28 x 1Q1S 


6.$ 


.. 2 ■ 



« For 1 - 500 mA assuming ?D + ?D -> 4 He + 23.8 McV is the fusion reaction. 

*±lppb. 

« ±0.020 W. 



TABLE n. Helium Measurements in Control Experiments Using 
Metal Flasks. No excess power was rneasared. 



Electrode 


Flask/cell 


(ppb) 


^e 

(atbms/SOOmL 


PdRod* 

(4 minx 1.6 cm) 


1/C 


4.8 ±1.1 


5.5 xlO" 


PdAgRod* 
; (4mmx 1.6 cm) 


2/D 


4.6 ±1.1 


5.2 xlO 13 . 


FdRod* 

(4 mil x 1.6 cm) 


3/C 


4.9 ±1.1 


5.6x1013 


MAgRod* 
.• (4 ami x 1.6 cm) 


4/D 


3.4±1.1 


3.9 x 10*3 


PdRod* 

(1 mm x 1.5 cm) 


3/C 


4.5 ±1.5 


: 5.1 x 10" 


(Mean) 




(4.4 ±0.6) 


(5.1 ±0.7x10" 



fl Helium analysis by U.S. Bureau of Mines, Amarillo, Texas. 
fr D2O + LiOD fl = 500 mA). 
c H 2 O+Ii0H (I = 500 mA). 
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American Origins? 

There is ample evidence that pre- 
Columbian Indians suffered from 
infection with bacteria called treponemes, 
which When transmitted sexually cause 
syphilis. But the evidence suggests that it 
was not a.venereal disease, but a childhood 
illness,spread by casual contact, like yaws, 
so that by die time Indians reached sexual 
maturity, they already possessed immunity. 





ColdFusion, 
Derided in U.S., 

Is Hot In J 



With plentiful financing and no 
^critics, cold fusion experiments 
find friendlier 



Plants 



1 



By ANDREW J. POLLACK 




Special to The New York Timet 

Nagoya, Japan 

HIDEO IKEGAMI was directing a Japanese 
research project In nuclear fusion in 1989 
when news came from the United States that 
bkhmbJ two scientists at the University of Utah 
Claimed to have produc^ 

; Japan's Ministry of Education asked him to divert 10 
nercent of his project's budget to support researchers 
rSSW the new "cold fusion," Dr. Ikegami 

'. vrefU '?t that time I thought something like thtfmust be' 
".alchemy," he recalled. But Dr. Ikegami a professor at 
T the National Institute for Fusion Science here, eventually 
agreed- to give up 2 percent of his project's budget to 
explore the new phenomenon. Now he is doing cold fusion 
research himself and has become an avid i organizer o ! a 
' Japanese effort that is among the -most active in the 

* W ° ri At a time when many scientists in the United States 
and Europe have dismissed the idea of ro°ro-t e ™P er a- 
ture fusion as an illusion, Japan is pursuing the field with, 
if not universal enthusiasm, then at least an open mind. 

While the United States Department of Energy is not 
supporting cold fusion research, Japan's Ministry of 
International Trade and Industry recently decided to 
spend up to 3 billion yen, or $25 million, over the next four 
years on what it is calls "new hydrogen energy. About. 
15 Japanese companies are expected to take part in the 
effort and to contribute additional money. - 
Continued on Page C12 




By CAROL KAESUK YOON 




I 



• LANTS, unlike animals, have no nerv 
\ scientists have been jolted by the disc 
this month that the tomato plant us 

electric signal to alert its defense s: 

against grazing caterpillars. 

A team of researchers from England and 
Zealand reported in the Nov. 5 issue of Nature 
when a leaf on a tomato seedling is chewed by in 
it sends out electrical warning signals, alertin 
rest of the plant to the danger. As undamaged 1< 
receive the signal, they begin V^SS^ 
chemicals that m^ke them difficult to digest. 

"It's a very exciting result," -said Dr. Keith 
erts, head of the cell biology department at the 
Innes Institute in England and author of the-corr 
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The Louvre rehangs a 
cleaned and repaired 
Renaissance master- 
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tSi WOU ' d b L c , e ¥ cntia »V identical to those 
Needleman published in 1979-namelv S 
for eve^ 10p aTP e rmi ,, ion inc ^lf J 

in IQ Paul iVfushalc. a consultant in heaftf 
and chemical sciences in Durham, NorrC 
?™ L M, vW ydiSputedEmha "'«onten- 

conducted by a panel of the EPA. Finally, 

M ^n Umvers.ty. incized the sratistkal 
methods used by Marsh's panel to cone S • 
rliat something might be amiss with Needle* 
man s research. i 

mg of scientific difference of opinion not 
nusconduct. And he says he askeTfo'r » 
open hearing to make that point dear.^T 



L° ^ What WOU,d hav * happened 
f .t had been dosed," he told Sc«,, c / 

:j.- L He is also trying to fend off the charm-.; 

|ore directly; He has asked the courts to tots 

put the whole investigation. Last month, he 

fi^edaclass-acrionsuit in federal district £u£ 

^nst NIH OSI, and Pitt claiminSSe 
definition of misconduct as "practices that 
*nous, y dev ia « fem those *«~cS 
tnonly accepted within the scieruific com 
mun^forproposing. conducting. 0rreport . 
ing ^search is too vague, and virtuaHvim- 
Possibfc to defend against. The suTaW 
gues that it is unfair to investigate ^ for 
^«jcs that occurred before theSJrentlt 
conduct rales came into effect. aV^LSE" 
that since he was no^wX 

beformaUyrepresentedbyLieberdSaS 
week's hearing (although Lieber^S 
elbow throughout the day) or subpoena^ wit 
nesses-he wanted NIH fbud-bu^ a T e : 
Stewart to testify-his cor*titution7rigr ' 
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to a fair trial was violated 

anopen ^forum ^wiU not protect sci entistsfroS 
"racks from those seeking to discredit *3 

done^Tneyve taken a research debate anl 

thii ^ m ° re 01501 fonjn * wJ 

th* if Needleman's strategy appears to worii 

cSel^P ^ fin a misconScl 

5ft£ Fnedlnan . d «n for academi J 

^us at the University of California at Sarf 

^^calschcoLsoifheorsheaskedfol 
an open hearing, "it would be very difficult 3 

£^BE l{ he ' s ri ^-S cl 

™ ngs become even, more of a spec! 
eator sport in the 1990s. «-spec| 

-Joseph Palca 



A Japanese Claim Generates New"r^aT 

X hey re back — r\o\m*~c—i-i£> , . ■■ fc 



^"-claims rfcoU fusion, that is. 
Actually, they never really went awa> The 

c^^xpenmentsbychemistsSamle; Pons 
and Marun He«chmann may have beea-d™ 
credited ,n the eyes of manv observe 

around the world have continued churning 
out reports of excess heat when an eS? 
current is run through dJFcfiJuZ 
jnimersed in heavy water. Las t week S 
Takahashi added his claims to the oileXnd 
even ,n a field where throws £ve tcCme 

"^b'ltS^^^ 
Takahashi, a professor of nuclear en»i- 

Slf ,allstlnt he P hysicsofconven- 
oonal hot fus.on reactors, has issued one of 

ReisZ' St3r ? ing C , kims Sin « R"-" 
Wetschmann themselves. He says his ™U 

fosion cell produced excess hea^t an avel" 

age rate of 100 watts for months att^e 

ihats up to 40 times more power than he 

purtinginto thecell, and more powe?^ 

t i!l nucl ear reactor. 

Iak fashi,whohadpreviousIyannounced 
hjs results in Japan, made his first US^rf 
sencaaon ar-^f all p l aC es--th e Ma^chu 
of^iTr; o r/T eC ^ (MIT), home 
der^cr £ ^ most 

Takahashi aft rJard T*TT 
would attack me^S ; r k j eVery ° ne 

Am. 1ng t hc innovations that caught the 
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5 ncy ^. at L«) de «: Instead of the usual palla- 
Aumrc^Tabr^hi usedsmallshe^S 

ioSS **° k for d ^riu5 
atonis from the heavy water tosnugsle into the 
crystal lattice of the metal and-lfhcSZ! 
undergo fusion. He also kept varX^T 

tentrnthecelLguessmsfomtheSoS 
«en m earher experiments that the prcS 
«n.ght thrive under transient conSTIT 

-va^hetoIdmeVUTaudienc^TmuS 
heat that he had to lower the average^rreS 

^^dimtaUacc^lingcoilwkSe 
t ^ ^ "« fr °™ ^ling Even S£ 
temperature contmued to rise week after week. 
Fmally he said. Ve were very much aLdof 
anaccident.andhadtostcp.-XweUhSc 
hjve^ considering the January ex^S 
a cold-fiisron experiment at SRI Inte™ 
ih Mcnb Park. California, S^Tq 
January, p. 153) that killed a researcheT' 

M.ss.ng neutrons. Among the largely 
sympathetic audience, a few doubters asked 

thi calor.metry.-the measurement of heat 
ITO?^ other possible sources of £ 
ftfawNor hasTakahashi shaken 

Physics. hdeed P , T&S%£?Z? 

the order of bfc'J ^ W be P roducin S °" 
as are bein- <£ rarf °7« 35 ^ny particles 

Petras., one'cS S here '" Richard 
Wa »niall group otphvsicists at 
SCIENCE . Vo , , 
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mde^a vSf r ^ who have 

made a vmual pastime out of shooting down 
coId-fos.cn claims. "Where are the particle? 

i ? ^ ^ thecalorinS; 

fault rh*> ail of nudear physics." ^ 
<-old fusion supponers would rather lool 

neer Lou* Smulhn echoed the views of sev 
«al supporters at the Takahashi presents* 
tion when he told Science: «Y ou mi-Eh 
able toargue that ^th better cafibntron^ 
only get oO warts instead of lOOwTro bur 5 
watts is sti 1 a bi« number I'n, „ 5 
abonr A- I i numcer. 1 m not concemec 
about Ae lack of the neutrons you woulc 

^.cold-fi^onafidcmdosarealread 
FO»nng exoac processes that could accou 

^If^ofafour-balynucIearreactionT 

yields^neutronsatalLAndPeterHagelste: 
« MIT x-ray laser researcher who has T 
focusmg on cold fusion for the past 3 y« 

m ^yw he published in the JcL 
of Fusion Tedmobia that ne..^. 

in cold-fusion hSgSS^L"! ^ 
ahsorbedby^pX^-P^p- 

But those proposals aren't making col, 

•csconmuin,tyasawhole.For now.Takah: 
and hundreds of other researchers keen I 
bonng over their (gently, they ho pe) J u 

pita'dS:-^^ ^P-vocarive ou 
pw ^and trymg to ignore the chorus of vote 
saymg they are wasting their timT 

-David H. Freedm 
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Mallove: gross scientific misconduct 



Cold fusion takes a ticking, but keeps on ticking 

March 27 was the third anniver- 
sary of the announcement of 
cold fusion. To mark the occa- 
sion, advocates for cold fusion 
research held a press briefing in 
Washington, D.C, where they 
bitterly attacked* the scientific 4 
establishment for its rejection t 
and disregard of the controver- 
sial phenomenon. 

The event was marked by a 
new level of public vituperation 
and frustration on the part of 
the advocates over what they 
see as the scientific communi- 
ty's closed mind to the notion 
that nuclear fusion can occur 
readily inside a metal lattice. 
. The briefing featured two of 
the staunchest advocates— Eu- 
gene F. Mallove and Giuliano 
Preparata. Mallove is an engi- 
neer and author of a recent book 
favoring cold fusion. Pteparata is a pro- 
fessor of theoretical pKysics at the Uni- 
versity of Milan, Italy, who \\M pro- 
posed a theory to explain it 

They did not announce any hew In- 
sights into this phenomenon, w }ich the 
vast majority of physicists ar# chem- 
ists finds unconvincing. But tyey re- 
viewed what they regard as tjtfc moist 
"promising" results disaissec|^urij|g 
the past year at cold fusion coherences 
in Italv, Japan, and elsewher^Japan, 
Mallove says, has become a fig- bed. of 
cold fusion research, althougjfejhe lat- 
est, most exciting results reported there 
haven't yet been published. 

Most cold fusion experiments involve 
interaction of deuterium atoms with a 
palladium electrode, as in a heavy-water 
electrolysis cell. According to Mallpve, 
the evidence implicating a nuclear pro- 
cess includes "massive amounts* ' of ex- 
cess heat that cannot be explained by 
any known chemical processes, as well 
as "weak traces" of tritium, neutrons, 
and charged particles. It appears to be a 
wondrously dean reaction, he says. 

And that is precisely why most scien- 
tists find it unbelievable: The amount of 
excess heat claimed is vastly out of pro- 
portion (by a factor of 10*) to the meager 
amounts of fusion by-products mea- 
sured.. Ascribing this heat to a nuclear 
reaction, when no commensurate 
amounts of nuclear products are ob- 
served, is described as "illogical" and 



"unscientific" in a new book, "Cold Fu- 
sion: The Scientific Fiasco of the Centu- 
ry," by John R. Huizenga. A professor of 
chemistry and physics at the University 
of Rochester, N.Y., Huizenga has exten- 
sively investigated cold fusion claims. 
And he says they violate the "well- 
founded results and principles of nude 
ar physics." 

Preparata and a few other physicists, 
on the other hand, believe that new 
physics has been uncovered, although 
the details are not understood. The sci- 
entific establishment is hostile, Preparata 
charges, because it "cannot tolerate an 
abrupt change in the paradigm." 

Mallove and Preparata spent most of 
the two-hour press conference lashing 
out at persons (such as Huizenga) who 
thev believe have stymied general accep- 
tance of cold fusion. Among those at- 
tacked were researchers at several prom- 
inent institutions who have said they 
looked for— but found no evidence of— 
cold fusion. Their published reports 
were instrumental in turning scientific 
opinion against cold fusion. Mallove, 
however, insists those negative results 
are "very weak" or "have problems." 
r In particular, Mallove accuses re- 
searchers at Massachusetts Institute of 
Technology of "gross scientific miscon- 
duct and fraud" for misrepresenting, as 
negative results, raw excess-heat data 
. that appear to be faintly positive. The 
[JAYY researchers have said those seem- 



ingly positive data are not significan 
At the time those results were pub 
lished, Mallove was chief science wri- 
er at MIT's news office He resigne 
that post last June in protest 

Also assailed at the press conferenc 
were John Maddox, editor of Nature, an 
associate editor David Lindley. Bot 
have scoffed at cold fusion and, accon 
ing to Mallove, refused to publish lette 
from electrochemists who claim to hav 
found algebraic errors in published, ne 
ative results. Natures position is th 
these letters did not have scientific mer 
Mallove believes that the "anogano 
and "vested interests'' of some scienfc 
and journal editors are keeping the tru 
about cold fusion from getting out Hi 
zenga, in his book, says advocates li 
Mallove "are unwilling to accept t 
negative experimental evidence on cc 
fusion, and look for all kinds of otl 
unrelated reasons to explain why t 
subject is slowly dying/' 

Nevertheless, Mallove expects to s 
some commercial cold fusion produ 
in litis decade Indeed, notes Prepare 
chgnist B. Stanley Pons recently Cc 
Italian journalists he expected a dem< 
stration device to be unveiled before 
end of the year. Pons, who with cowc 
er Martin Fleischmann introduced 
world to cold fusion, is report* 
studying the phenomenon at a corpoi 
laboratory in Nice, France, with fund 
from a Japanese consortium. 

In the US, no significant federal 
state money is allocated for cold, fus 
research/says advocate Jed Roth*\ 
However, the Electric Power Resea 
Institute, the R&D arm of the US e 
trie utility industry, has been fund 
some exploratory research. 

Mallove and Rothwell want Cong 
to appropriate at least S10 million ar 
ally for cold fusion research, and Y 
petitioned the House Committee on 
ence, Space & Technology to hold h 
ings. So far, more than 350 researc 
and enthusiasts have signed the petit 
But the committee has not been re 
five. Frank Murray, staff director o 
Subcommittee on Energy, calls a hea 
"probably the worst possible setting' 
evaluating the scientific merits. 

The newest tack Mallove is takir 
to try to replicate what some pn 
nents hail as exciting, though unj 
lished, excess-heat results from Ja 
He is pursuing these experiments h 
home basement in Bow, N.H. 

Ron Dc 





AJAR: ? 
THE DEBATE HEATS UP 



Aradical new theory claims to get energy from distilled water 



f RESEAftBORS BUSH AND EAGlETOMt "EARTH-SHAKING" IMPLICATIONS? 




early four years have passed 
since two noted chemists, Martin 
Fleischmann and B. Stanley; 
Pons, - mesmerized the world with the 
claim that cheap energy could be gotten 
from water using a simple electrochemi- 
cal cell/After months of work by hun- 
dreds of labs failed to replicate "fusion 
in a jar " most scientists rejected the 
idea. Some even branded it "con fusion." 

Cold fusion won't go away, however— 
and its proponents are preparing a fresh 
assault on traditional science. Some 300 
. of them will gather in Nagoya, Japan, 
on Oct 21 for the Third International 
Conference on Cold Fusion. The hot 
news there wiH.be the first confirmation 
' of radical claims from Robert T. Bush, a 
physics professor, at California State 
Polytechnic University in Pomona. Build- 
ing on an idea from Randell L. Mills, 
president , of HydroCatalysis Power 
Corp. in Lancaster, Pa., Bush says he 
has triggered a reaction by dunking a 
nickel rod in distilled water salted with 
common chemicals. The discovery is 
"earth-shaking he says. If it holds up, 
adds Fleischmann, "it's one of the 
events of the millenium. M 



Bush and Mills use 
the same electrochemical 
approach as Pons and 
Fleischmann but their in- 
gredients differ. Pons 
and Fleischmann passed' 
an electric current be? 
tween a platinum wire 
and a palladium rod im- 
mersed in water made 
with deuterium, a heavy 
form of hydrogen. They 
suggested that once the 
current had packed the 
rod with deuterium, its 
atoms began to fuse, 
giving off more energy, 
in the form of heat, than 
was in the electric cur- 
rent Mills and Bush re- 
place the palladium cath- 
ode with nickel and the 

heavy water with regu- 

lar "light" water or a mixture of both 
forms. And they propose that the heat is 
generated by totally different reactions. 

Most scientists had a tough enough 
time swallowing the claims of Fleisch- 
mann and Pons. To physicists in particu- 



lar, toe notions of Mills and -Bush are 
even more outrageous. The problem has \ 
always been that the claimed cold-fusion ; 
results Violate established '."'theories'^-- of ■ 
physics/ which hold that fusion is far 
more likely, in the presence of tremen- 
dous heat Attempts by Bush and others 
to concoct a new theoretical framework 
have further alienated physicists, who 
tend to explain the claims of surplus 
energy as experimental error. 0 . : - v ■ 
'^■Ironically; even Mills and Bush dis- 
pute each other's work. Mills sides with 
the physicists who insist that , whatever 
is happening can't be fusion because the 
expected nuclear-reaction : by-products - 
aren't produced in sufficient amounts. ■ 
^'Itf s ' a chemical reaction/* Mills insists. 
r>He^teljtevesthatunder;sp < ecisJ conditions 
thev electxonsV circling hydrogen, atoms 
gvrefotf energy - when '' they ^collapse", 
into previously unknown orbits. Tp phys^ 
icists, that's heresy ^ ..\ ■ : ;-" : -:V \- \; 

So is Bush's theory. He believes the; 
excess energy comes from "electrochemr 
ical alchemy" When protons, or hydro- 
gen' atoms stripped of their electrons, 
are driven onto the surface of the nickel 
cathode*/* something hap- 
pens— Bush doesn't 
know what— that causes 
the protons to fuse with 
[y an electrolyte in the wa 
ter;. i "That?s nonsense/ 1 
declares ; John - R: ? .Hui- 
zenga/ professor of 
physics and chemistry at 
the University of Roch- 
ester. Getting the nuclei 
of small atoms, such as 
hydrogen or deuterium, 
to fuse is tough enough, 
he. adds. For atoms as 
large as sodium, the 
chances are almost nil. 

BHABHA WATER. To the 

doubters, Nagoya will 
be a page from Believe 
It or Not. Mahadeva 
Srinivasan, head of the 
Neutron Physics Div. at 
India's Bhabha Atomic 
Research Centre (BARQ 
near Bombay, will report 
that more than half of 
30 . light-water experi- 
ments since January 
have produced 20% to 
70% excess energy. Japa- 
nese scientist Reiko No- 
toya from Hokkaido Uni- 
versity's Catalysis 
Center will report measuring 




Research 

200% to 300% surplus energy from an 
experiment she began in August 

More support for the light-water ap- 
proach comes from Thermacore Inc., - 
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defence contractor in Lancaster that spe- 
cializes in heat-exchange technology. 
Since April, it has been running a Mills 
cell .that steadily primps out four times 
the energy thafs put in, says Robert M. 
Shaubach, manager of development. 
Mills himself claims to do better. "We're 
getting 10 times the power out relative 
to power going in— every hour, every 
day, week after week." Mills says to 
expect, a "major announcement" around 
yearend that his confidants predict may 
include the - unveiling of a prototype 
10-kilowatt electrical generator. To Peter 
L. Hagelstein, an electrical engineering 
professor at Massachusetts Institute of 
Technology, suih talk is premature. Af- 
ter reviewing Mills's data, Hagelstein 
says: "I don't think the light-water re- 
sults are there just yet." 

Mills isn't the only one eyeing com- 
mercial possibilities. Bush, who claims to 
get up to 700% surplus energy from cells 
built by fellow Cal Poly physicist Robert 
D. Eagletoiv has signed on with Fusion 
Energy Applied Technology Inc. (FEAT), 




One critic says that claims of 
hlige amounts of excess heat 
are so preposterous 'you can 
dismiss them out of hand' 



a Salt Lake City startup founded by 
Harold L. Fox, who publishes Fusion 
Facts newsletter, feat has just secured 
modest funding from a private investor 
to build a Bush-style prototype genera- 
tor. "We hope to have it ready in nine 
months or so," Fox says. 

Meanwhile, even stranger research is 
starting up, aimed at developing solid- 
state fusion cells that dispense with elec- 
trochemistry. For example, physicist 
Frederick J. Mayer, founder of Mayer 
Applied Research Inc. in Ann Arbor, 
Mich., is working on fusion "marbles." 
Initially^ Mayer says, he was dubious of 
cold fusion. But if his work pans out, he 




..ptmdecgir 
^^^dSyel 



envisions little balls of deuterium^ 
packed metal inside ceramic coatings. In 
theory, heating the balls would trigger a 
self-sustaining reaction that would con- 
tinue untQ the deuterium is exhausted.* 
Mayer's idea may not be as fanciful as 
it v sounds. Scientists at Nippon Tele- 
graph & Telephone Corp.'s Basic Re- 
search Labs in Tokyo have been experi- 
menting with solid-state Systems for 
three years. NTT puts magnesium-oxide- 
plated palladium squares in a pressure 
chamber filled with deuterium gas. or, 
more recently, hydrogeii— the gas-based 
equivalent of a light-water experiment 
After the squares, roughly 1 inch on a 
side and 0.05 inch thick, have soaked up 
gas atoms for 40 hours, they're plated 
with gold to seal in the deuterium or 
hydrogen. If a square is later heated or 
jolted with a current, it starts generat- 
ing heat NTT says the output continues 
for at least 60 minutes;; producing from 
0.5 watt to 1 watt of energy, : 
bad science. The lack of, independent 
verification leaves skeptics adamant, 
however. Claims of huge amounts of ex- 
cess heat are "preposterous," says Hui- 
zenga. "You can dismiss them out of 
hand." He and other, mainstream physk 
cists blame bad science or experimental 
error. That could be ifexcess heat levels 
were 10% or evetf 30%, Mills says. But 
ivheri the excess is 100%-plus, : "there's 
no way it can be erroneous," he argues. 
•• A formal review may soon shed light 
on this question. The Electric Power Re- 
search . Institute (EPRI) in Palo : Alto, 
Galif., has budgeted $12- million of its 
utility members' money for cold fusion 
research and hired SRI International to 
do it MIT's Hagelstein is impressed' with 
SRl's heavy-water experiments,,, .which: 
produce net energy almbst; every ^traie:- 
and show signs of precisfe control: When 
input power is scaled back, heat; output ; 
dips proportionately, - instead of u doing 
nothing or responding <:ounterintu&vely. 
Now, EPRI has asked Brookhaven Na- 
tional Laboratory to examine SRl's work, 
and Brookhaven senior physicist Kelvin 
G. . Lynn, a cold-fusion doubter, . has 
agreed to do it "My colleagues, were 
very critical" of this decision, he says, , 
"but part of me has admiration for the 
people that work on this." The review is 
on hold pending agreement on Lynn's 
insistence that crucial details won't be 
kept secret on /proprietary grounds. Oth- 
erwise; "I couldn't be a fair evaluator.": 
* Bush asserts that Nago^ "could be. 
the turning point" in helping cold-fusion' 
advocates gain respect; Chances ^are, 
though, that nothing could do the trick 
like a thumbs-up from Lynn. 

Otis Port in New York, with John 
Carey in Washington, Neil Gross in Tokyo, 
and Gary Mc Williams in Boston 
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A quasi-one-dimensional model examines the electro* 
chemical loading of isotopic fuel into a metal cathode. Both 
the competitive evolution of gas at that cathode and the ra- 
, tto of the electric energy to thermal energy may control the 
spatial distribution and le ading rate. 



INTRODUCTION 

In March 1989, elearochemically Induced nuclear fusion 
reactions were reported 1 - 2 but were initially very difficult to 
reproduce. By 1992, several experiments had demonstrated 
that anomalous nuclear and enthalpic processes occur in pal- 
ladium that has been highly loaded with deuterium. 3 * 5 

This technical note discusses the electrochemical loading 
of a palladium cathode with an isotopic fuel (deuterium). A 
quasi-one-dimensional model was developed that suggests 
that both competitive gas-evoiving reactions at the metal sur- 
face and the ratio of the applied electric field energy to ther- 
mal energy (k a x T) appear to be decisive in controlling the 
loading of the metal by the isotopic fuel. 

QUASI-ONE DIMENS10NAL MODEL 

Classically, an electrode in a heavy water solution at equi- 
librium should measure potentials associated with the Nernst 
equation. However, during the loading of isotopic fuel or 
during the fusion reaction, the system may not be at equi- 
librium. Furthermore, such derived solutions may be less 
informative regarding the rates of such loading or fusion re- 
actions. Therefore, a quasi-one-dimensionai model has been 
developed in an attempt to describe the flux of deuterons to- 
ward and into the cathode. 

The application of an electric power source generates an 
applied electric field intensity. The problem of a mathemat- 
ical solution includes the fact that the electric field is itself al- 
tered as the solution and system each respond with complex 
conduction and polarization phenomena. 6 The salient result 
among other things, includes cation flux toward the cathode! 
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There also results in the pericathodic solution a buildup of 
both deuterons and other cations, as well as the development 
of a low dielectric constant (gas bubble) layer. Ionic drift, sec- 
ondary space-charge polarization, propagation of soivated 
deuterons, deuterons in clathrates, and intra- and intermo- 
Iecular deuteron transfer in the heavy water, 7 and the forma- 
tion of low dielectric constant (compared with water) bubbles 
abutting the cathode are the minimum expected. 1 * 9 

Figure 1 shows the direction o the applied electric field 
and its effect on the spatial distrib ution of deuterons in the 
aqueous solution and cathode. Figure 1 shows the four re- 
gions of the electrochemical cblfl fusion cell. The first region 
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is the platinum anode in which few deuterons reside. The sec- 
ond region is the solution, which is modeled as extending 
between 0 < z < L r . The third region is a double layer, 
whose width L c - L r is' greatly exaggerated in the figure. The 
last region is the palladium cathode, beginning at L c and of 
width W c . L c - L s is so small that for most calculations, t = 
L c + L s is simply taken as z .» L c . 

Within the solution, the deuterons are distributed mainly 
tightly bound to oxygen atoms as heavy water. The drift in- 
duced by the applied electric field is shown schematically in 
Fig. 1; it does not mean that the deuterons actually are free 
to travel in such a simple fashion. 

In this model, a double layer is present between the so- 
lution and the metal. The double layer is, in pan, created by 
the cathode fall of ions and other polarization reactions of 
> the solution and the solutes therein to the applied electric 
field. This boundary between the palladium cathode and the 
heavy water solution also may influence the loading rate of 
the metal by the isotopic fuel. 

As Fig. 1 shows, at least three other deuteron fluxes must 
be considered. The model presented links the deuteron flux 
from the solution into the pericathodic volume, and then fi- 
nally other into the metal or toward gas evolution. Not shown 
in Fig. 1 but considered in the model is the flux of deuterons 
lost in any and all putative fusion reactions (represented as J f ) . 

DEVELOPMENT OF THE QUALITATIVE MODEL 

In the absence of solution convection, • quasi-one-dimen- 
sionatmodei can be developed by consul irmg that the flux 
/of any-species (here the deuterons) resulu from both diffu- 
sion down concentration gradients and dectrophoreric drift. 9 
For simplicity, solution convection and the impact of other 
conduction/polarization components are ignored for this 
analysis. Note that (see Nomenclature on p. 300) 



where 



(1) 



B = diffusivity of deuterons in each respective region 
considered (crnVs) 

M = electrophoretic mobility (crnVV-s). 

For this model, both material inhomogeneities and the an- 
isotropy of the lumped parameters are ignored. Within the 
palladium, for example, there are great differences in B 
throughout the metal, especially between the lattice and grain 
boundaries. 

Three additional components of deuteron flux must be 
considered. The first is the entry of deuterons into the bulk 
of palladium that constitutes the cathode. That flux is de- 
scribed as the rate at which deuterons physically enter the 
palladium cathode. The second deuteron flux is that compo- 
nent lost at the cathode to gas evolution and is described here 
as These deuteron fiux terms are assumed to be present 
only at z = L c . The term J f is the fiux of deuterons lost to 
fusion, which is assumed to be zero in the solution. 

Adding the additional deuteron fluxes yields 

" dz 



FUSION. TECHNOLOGY VOL. 22 SEP. 



(2) 



1992 



Swartz QUASI-ONE-DIMENSIONAL MODEL 

where 2 / is the sum of all deuteron fluxes at the cathodic 
surface and in the bulk metal and camoaic 

E/<CO = (/, + y f ) xu u { Z -L vt e) 

+ Itf-iU- L ct t) 

-«-iU-Uc- ^c.Ol! , (3) 

where 

«o « impulse function, located spatially at z = L c 

K-i = step function; the superposition of two such step 
functions represents that the fusion flux may ac- 
tually occur within the bulk of the metaL 

Solution for the time rate of change in any given volume 
is thus determined by these fluxes. Gauss' theorem simplifies 
this to 

♦[«">■» « 

For simplicity and to solve, a number of approximations 
can be made as follows: 

1. The applied electric field intensity imposes i negligi- 
ble energy [in relation to thermal energy at any mok cular site 
of interest in the bulk solution (where the ratio of electrical 
to thermal energies is 10" 4 tcr 10-«)J. Therefore no free 
charge density in the solution is expected. Thus, the Lapla- 
cian of the electric potential [and thus the second term on the 
right side of Eq. (4)J is zero. This assumption may not be cor- 
rect either in the vicinity of irregularities (such as spikes) on 
the cathode or in the double layer (see below). 

2. All of the fusion reactions are assumed to occur only 
at z > L c (i.e., no fusion occurs in the bulk solution). 

3. Deuterium is neutral in charge and has insignificant 
electrophoretic mobility in comparison with that for D+. 
Deuterons also may migrate by dielectrophoretic forces 6 by 
way of D 2 and by way of both intra- and intermolecuiar deu- 
teron transfer, but such effects are ignored in this simple model. 

4. It is assumed that no recombination of any generated 
D 2 gas occurs to form heavy water. Thus, for simplicity, J r 
(for recombination) is ignored. 

5. Deuteron penetration is modeled to occur only at the 
cathode-double-layer boundary (at L c ), and such flux (J e + 
J 3 ) is assumed to be electron limited, with an efficiency 
(electrical transferance) of 7. 

6. There is conservation of deuterons, with the exception 
of a small loss K r to any fusion reactions. The value of K f is 
extremely small compared with all other loading rates and/or 
gas-evolving reactions. 

7. Neither solution convection, nor possible dielectro- 
phoretic or other stabilization of that convection, is consid- 
ered in this simple model. 

8. Thermal. effects are also ignored, but these could be 
especially significant across the double layer, especially in the 



297 



Swartz QUASI-ONE-DIMENSIONAL MODEL 



vicinity of irregularities such as spikes or near either temper- 
ature or material inhomogeneities. 

✓ 

Notwithstanding the foregoing, the steady-state general 
solutions are obtained by substituting 

(5) 



condition of mass conservation of all deuterons at some time 
T requires 



D+(z) =2D, exp(7 xz) 



1 



A x fQ+(z.t)] d: 



A x lD+(z.Q)]dz 



> where y can be complex. 

By substitution, collection of terms, and the use of the bi- 
nomial expansion, the homogeneous solution of Eq. (3) be- 
comes, in the heavy water solution, of the form 7 = plE/B. 
The particular solution of the differential equation is "driven" 
by the sum of the deuteron fluxes toward fusion, into gas, 
and into the metal cathode, where 2 J\ = Jf + J t + J € * 

A simple solution can be developed with further approx- 
imations and linearizations. 

9. It is assumed that there is no spatial gradient to the 
diffusion coefficient of deuterons B and/or their electropho- 
retic mobility p. This is not true within the palladium cathode 
and is probably not true across the double layer. However, 
this approximation does permit a more simplified expression. 

10. The generation of D 2 gas, the fusion loss of deuter- 
ons by the putative fusion reactions, and the loading of pal- 
ladium are modeled to occur as first-order reaction rates 
proportional to the local concentration of deuterons. This is 
probably not true for gas evolution because it involves the 

; formation of diatomic deuterium, and possibly not true for 
some of the putative fusion reactions. 

11. Terms K t and K t are assumed to be zero away from 
the surface -of the cathode in the solution.- The only-t ontri- 
bution to the spatial derivative-of the first-order deuterc flux 
rates is thus proportional to the absolute value of K ft K~ g , 
and K t at that cathodic location. Note that 



- f Ax *£MT)dr 



(8) 



It is obvious that D*(/ = 0) may not be uniform and 
that J/, 7 r , and J s may not be time invariant. Furthermore, 
/, and the possible addition of more deuterons to the system 
are also both ignored in this qualitative model. 

The molecular flux at each electrode must be considered 
so that just at the palladium cathode z = £ c , 

^o(W) =/, + ./, . (9) 

Deuteron entry to the cathode is assumed to be electron 
limited (with all entry occurring only at the cathode-double- 
layer interface), and so 



(10) 



Finally, it can be assumed that there is a negligible num- 
ber of deuterons at the anode. This is reasonable because of 
the unstable nature of cationic deuterons at that location, 
where the anode is the site of oxidation. The applied electric 
field intensity would sweep the palladium cations away from 
the anode-toward that cathode. The assumption is also rea- 
sonable because of the low solubility of deuterons for plati- 
num. Note that 



[D + (0,r)J =0 



(ID 



The steady-state expressio^Jbr the initial coefficient of 
the final spatial distribution at the pericathodic interface is 
proportional to 



H(£-#H-(£-#) 



x (L<) - I 



• (12) 



J/=*K/X (D*) , 
J, = K t x (D*) , 



and 



J t = K, x (D + ) . 
For 0 < c < L s , the general solutions are thus 

■*"•(&)-(#) 

-[\2k,T IB J 

-[(i)-(W- 

BOUNDARY CONDITIONS 



(6a) 
(6b) 

(6c) 



(7) 



L Hospital's rule may be used to determine the initial co- 
efficient in the limit as either K €t K gf or K f approaches infin- 
ity. That limit is I . 

POSSIBILITY OF A CRITICAL LOADING FLUX 

Examination of Eq. (7) reveals that there may be a criti- 
cal loading rate that occurs when the terms in the parentheses 
in Eqs. (7) and (12) go to zero. That occurs at L = L c when 

, f, » U x £) - .(tf f + K>) • (13) 

One implication is that the evolution of gas and load- 
ing of the palladium cathode are mutually exclusive. An- 
other is that the critical loading rate appears to be related 
to the difference between the deuteron availability (second- 
arily produced by the applied electric field) and the loss of 
deuterons by gas evolution, loading of the metal, and the fu- 
sion reactions. 

In fact, the ratio can be examined for its relation to ther- 
mal processes by substituting the Einstein relation: 



The actual coefficients of Eq. (5) are determined both by 
the boundary conditions and by conservation of mass. The 
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At the beginning of an experiment involving the electro- 
chemical loading of deuterium into palladium, J f is zero be- 
cause the palladium is not loaded. Therefore, the loading flux 
of deuterons into the palladium cathode is 




(15) 

where 

<D/> = initial concentration of deuterons in the solution 
X = relative loading rate, the ratio of the fluxes, load- 



ing flux J t to the gas evolution flux 



Note that 



X = 



4 



(1« 



Thus, if X is 0.01, most of the current goes to gas electroly- 
sis, whereas X = 100 would indicate a most efficient loading 
rate. 

\ The substitution of Eq. (14) into Eq. (13) reveals that the 
loading is determined by two terms. The first term is con- 
trolled by the ratio of the organizing of the deuterons (by the 
applied electric field) to the random thermal disorganization. 
The second term is the mutually exclusive ioss-of deuterons at 
•the cathode through gas evolution, represented by/. (Eq. (13)] 
or by the loading factor in Eq. (16). 

Figure 2 shows this relationship by plotting the relative 
loading of isotopic fuel into a metal based on the qualitative 
quasi-one-dimensional model described here. The loading 
flux of deuterons into the palladium at the cathode surface 
J e is shown as a function of the electric field intensity para- 
metrically for various rates of gas (D 2 ) evolution rates at the 
cathode (and resulting from J t ). The series of curves indi- 
cates that the loading rates may be critically dependent on the 
electric field energy as well as the competing gas-evolving 
reactions. 
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Fig. 2. Loading rate of palladium. 
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Swartz QUASl-ONE-DiMENSlONAL iMODEL 
WITHIN THE CATHODE 

Intermolecular deuteron transfer from the solution to 
sites within the palladium may dominate the rate of loading, 
withm the metal and across the double layer, the diffusion has 
been considered by several models. Defects, grain-boundary 
dislocations, and fissures may greatly influence the deep 
loading of the metal, and M zeoiite"-like diffusion has been 
described. 10 

POSSIBLE IMPLICATIONS REGARDING SPIKES 
ON THE CATHODE 

A corollary is obtained by inverting the equation, which 
indicates that the electric field must be greater than 



E> 



2^5 



L \2^X<D / >/J 



(17) 



One interpretation is that spikes and irregularities on the 
cathode may be crucial to obtain adequate filling of the cath- 
ode. This effect may occur by way of the large electric fields 
that occur at such sharp points on a metallic surface such as 
the palladium cathode. 

SHADY-STATE FUSION RATES 

When the filling of the palladium with deuterium is com- 
ple % a "steady state" (to the degree such might exist) of fu- 
sioi might be expected. At that time because the electrode is 
already fuily loaded, then J € wguid be expected to be small 
and J f to be relatively more significant. J, would be on the 
order of J /t and so at that time, 

BxL e x <D,-> 



4 = 



h-(^)J 



\k B T} 2 



(18a) 



or 



-MB) 



(tar) 



(18b) 



1992 



Equation (18a) uses the two deuteron fluxes at the cath- 
ode to define the approximate fusion flux. Equation (18b) 
substitutes the transolution voltage, and thereby assumes a 
simple distribution, neglects contact potentials and overvol- 
tages, and uses the simplication of \ as the relative loading 
rate factor. The Einstein relation is used to put the equation 
back in terms of the original parameters. 

POSSIBLE IMPLICATIONS FOR CO0EP0SIT10N 
AND QTHEH THEORIES 

Because palladium cations in solution can be modeled 
similarly to deuterons (with the exception of intra- and in- 
termolecular deuteron transfer and their different roles in 
ciathrates), such palladium nuclei will also drift toward the 
cathode in an applied electric field. For palladium, there is 
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Swartz QUASI-ONE-DJMENSIONAL MODEL 

obviously no K n or A> term, but K e does exist, and the pal- 
ladium cations can elect rodeposit on the cathode. The model 
was examined to consider this further. Coupled equations 
considering both charge carriers, were used to determine the 
final distribution of deuteron species in the bulk solution An 
equation similar to Eq. (12) was used to determine the ratio 
of deuterons to palladium just at L c . This is the local load- 
ing ratio. 

The derivations for the spatial distribution of palladium 
nuclei undergoing codeposition from the solution indicate 
that the physical deuterium/palladium ratio near the cathode 
surface is significant and nonzero shortly after the electric 
field is applied to the solution. 

The model indicates that the distribution of codeposited 
palladium and deuterons onto the cathode should theoreti- 
cally yield excess energy more quickly than simple electro- 
deposition of deuterons onto palladium. This advantage 
accrues because a local high fractional saturation of the de- 
posited phase occurs at Ar- This, analysis indicates that the 
active medium would be very close to fully charged as it is 
created, enabling it to function immediately. 

In cold fusion experiments, full loading appears to be a 
prerequisite, but possibly insufficient requirement, before 
fusion occurs. Therefore, as compared with simple electro- 
deposition of deuterium onto a palladium cathode, codeposi- 
tion may surmount at least one rate-determining step. 

Rnafly, some theories of raid ^ 
the putative requirement of a pericathodic or intracathodic role 
• for second-row elements during the fusion reactions. 11 This 
quasNone-dimensional model could be used to similarly de- 
termine both their buildup and loading parameters. 

SUMMARY 

. A simple qualitative quasi-one-dimensional model is de- 
rived to consider the loading of deuterium into palladium. 
Both competitive gas-evolving reactions at the metal surface 
and the ratio of the applied electric energy to thermal disor- 
dering energy {k a x T) may be decisive in controlling the 
loadmgof the metal by the deuterons obtained from heavy 
water. .There appear to be possible implications for the shape 
of the cathode and for codeposition methods of loading the 
cathode. 



NOMENCLATURE 

A 
B 



(D)tot 
(D+) 

E 
F 

I 

Jo 
J, 
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= area 

= diffusivity of deuterons (enr/s) 

= total deuteron concentration (used within the 
metal) 

= deuteron concentration (used within the solution) 
0] = initial deuteron concentration (at time t = 0) 
= electric field 
= Faraday 
= electrical current 
= flux of deuterons in solution 

= flux of deuterons entering into the palladium 
cathode 

= flux of deuterons lost in putative fusion reac- 
tions) 



J, 

*> 

L 

q 

T 
V 
z 

Creek 

1 
X 



- flux of deuterons at the cathode evolving to gas 

= first -order deuteron entry rate 

= first-order deuteron fusion rate 

= first-order deuteron gas evolution rate 

= Boltzmann constant 

= length 

= electric charge 

= absolute temperature (K) 

— transsample voltage 
= distance variable 

« potential 

= electrophoretic mobility (crnVv-s) 

- electrical transference ratio 
= relative loading rate 
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(1997b)], definitions of input power [Swartz (1996d)], and 
better thermal power spectroscopy [Swartz (1997a)] which 
have together enabled more accurate determinations of activity 
of select loaded materials (Figures 1,2). The thermal power 
spectrograms have also revealed a bip hasic character to the 
excess heat when examined as a fun»nion of input driving 
power (Figures 3,4). 

Sample Activity Defines Tja^ Power Ratio 

Figure 1 shows a thermal power spectrogram, including the 
background noise for an electrolytic light water generator 
containing two paired platinum anodes run in sequence versus 
a spiral nickel cathode (Swartz 1997a). Thermal (ohmic) 
controls are shown for comparison both before, and between, 
the two" generator pulses. Figure 2 shows another thermal 
power spectrogram for a generator with a gold anode and a 
cluster of nickel cathodes [ordinary water (H 2 0)]. Both the 
input, and output, power, and energies [the step-like curves 
read off the right y-axis] of the calorimeter are shown. The 
input and measured output powers have a logarithmic scale 
(left y-axis). These nickel light water generators were 
characterized by excess heats beyond the electrical input 
energies, .in contrast to the ohmic controls. There was no 
subtraction in the calculated electrical input power for the 
thermoneutral potential as so recombination is not an issue. 
For the nickel spiral cathodes with platinum foil anodes, the 
peak power amplification [ P^/P^ = n^] were in the range of 
2.27 (+/- 1 .02). Peak power outputs have been in excess of 2 
watts, with power densities (nickel) of more than 7 (+/- 43) 
watts/cm 3 . 




ABSTRACT 

Thermal spectroscopy, with attention to background noise, 
enables accurate determination of sample activity and has 
revealed a biphasic behavior to the generated excess heat 
Nickel cathodes (using ohmic thermal and other metallic 
cathodic controls) were examined versus either platinum or 
gpid anodes in light-water systems. The peak power 
amplification [TloyT/n^ « n w ] was inahe range of -2.27 
(+/-1.02). Peak power outputs have been in excess of 2 watts, 
with power densities (nickel) of more than -7 (+/-4.3) 
watts/cm 3 . There may be several reasons for the biphasic 
effect The origin of the site of the heat shifts at different 
locations within the 7c-notch. 

keywords: excess heat, nickel electrolysis systems, 
calorimetry, biphasic response 

INTRODUCTION 

Since March 1989, cold fusion has been confirmed both for 
heavy-water electrolytic systems with palladium cathodes and 
lithium salts [Fleischmann, Pons (1989), Fleischmann et alia 
(1990), Fleischmann & Pons (1992), Fleischmann & Pons 
(1993), Miles et alia (1993) Miles, Bush (1994), Will et alia 
(1993), Storms (1990), Will et alia (1994)] and for light-water 
electrolytic systems with nickel cathodes and various 
electrolytes [Mills, Kneizys (1991), Bush, Eagleton (1994), 
Noninski (1991), Notoya et alia (1993), Notoya (1994), 
Matsumoto (1990), Matsum^(1993), Ohmori et alia (1993), 
Srinivasan et alia (1992), Swar)^ {1996a), and Svi^ (1997a)]. 

Consistent with a possible inu^jOT 




0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 
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FIGURE 1 - THERMAL SPECTROSCOPY OF NICKEL LIGHT WATER ELECTROLYTIC SYSTEMS _ 
A nickef light water system u^mg pratinuminode. The input and output po wet and energies of a platinum foi. anode (area 4.0 c ,!*) 
and spiral nickel cathode (area 4.8 cm 2 , volume 0.059 cm 3 ) in ordinary light water [HjO]. The step-like functions are the ene «y 
curves [read off the' right y-axis]. The powers (thermal background, input output) are the remainder af/he curves and have a 
logarithmic scale (left y-axis). To the lower left, thermal noise is shown (background for this experiment) ranging from -20 to a few 
milliwatts. The first input (control) pulse is at -8 hours. The first, third, and fourth input pulses are the controls. 
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FIGURE 3 - THE BtPHASIC NATORE OF EXCESS HEAT AS A FUNCTION OF INPUT POWER 

The biphasic character of excess power [watts] as a function of applied input power (logarithmic axis). Nickel spiral cathode 
versus platinum anode, light water. In this experiment two platinum foil anodes (area 8.0 cm 2 ) were used with a centrally placed 
nickel cathode (area 4.8 cm 2 , volume 0.059 cm 3 ) in light water {Kfi]. 
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typical with a falloff under increasing input power or current 
levels towards a ratio of 1. Figure 3 shows the biphasic 
character of both the excess power (watts; - PJ as a 
function of ^ ariotte^ 
and sho^Mfc^^ pa^^iapa^i^x^t^ 
factor [7t^(n6no^ ?^£dsk function of 

input (transsanipie) voltage!. The resulting biphasic behavior of 
the excess heat is important because — combined with the now 
well-known problems of achieving adequate loading of 
properly prepared suitable electrode materials — it may 
account for some of the widespread difficulties in observing 
the phenomena. This failure to reproduce the cold fusion 
phenomena may have occured because those experimental 
systems may have been inadvertantly driven outside of the 
Tr-notch manifold . The remainder of the •negative' experiments 
may have had insufficient loading, and thus were also 
conducted in a region outside of the "notch". 

Although this does not explain how successful achievement 
of these reactions occur; it may begin to explain when they will 
not occur; namely by driving the electrode in a region outside 
of the 7r-notch manifold. 

ETIOLOGY OF THE BIPHASIC NOTCH 

This, although the phenomena described by cold fusion 
researchers do appear, to be. real, there are now several reasons 
knowt for the difficulty in achieving the desired reactions. In 
additi< n to purity of material, we believe that part of the 
difficulty is related to the n-notch behavior, and that the Q1D 
(quasi- 1 -dimensional) model of isotope loading into the Group 
VIII metal electrode appears to explain much of the biphasic 
etfects. Briefly, the slow rise of excess power output observed 
from zero input power to the peak which is observed is 
hypothesized to probably be due to loading of the metal 
electrode with the much lower weight hydrogen isotope. The 
fallorT beyond the peak output for higher input drive levels 
ma)' be due to competition of loading with electrolysis and 
other factors. The following is a summary of the formal 
derivation. 

The Initial Portion 

Many "negative" results in the field of fusion from isotopic 
fuel in a material may be in part due to inadequate loading of 
the low atomic weight isotope (deuterium) into the Group VIII 
transition metal (palladium) lattice. Materials such as 
palladium must physically absorb enough deuterium to obtain 
the desired reactions. Although most of the isotopic material 
of interest fails to enter the metal, there has been insufficient 
(or no) mention of the amount of filling (loading) achieved in 
most "negative result" studies in this field. However, the 
loading ^of the isotor^c^ 



given sample [n^] varies from each individual piece to piece. 

It also may be dependent upon the samples preparation, 
connection, and history [Swartz (1994b), Swam (1997b)]. We 
believe that each sample generally has^aa:.acto 
power gain (n) lower than n^. To observe the .samples 
maximum gain, IT^, requires that the sample must be 
"driven" in the correct fashion. Thus, the actual observed 
power gain [it] of each sample mathematically described is 
that peak factor diminished by the failure to optimally drive the 
sample". The second factor in the power gain equation (eq. 
l) r 5, is less than unity. 



k (power gain factor) = n m 



(eq. 1) 



The Falloff Region 

Classical calculations of the electrochemical activities of an 
ionic electrolyte located next to a metal electrode [Uhiig 
(1971), Bockris (1970)] could be applied -to^cpld .fusion 
reactions. However, during and following me loading of the 
isotopic fuel into the metal electrodes the systems may not 
actually be at equilibrium [Swartz (1992)]! Other methods 
were examined to derive the distributions of deuterium in the 
palladium and the solution. 

QUASH -DIMENSIONAL MODEL OF LOADING 

Therefore, a quasi-one-dimensional model for an electrode 
filled by the isotopic fuel was formulated which has enabled 
the pericathodic deposition of ionVto be investigated using 
non-equilibrium calculations [Swartz (1992)]. Furthermore, 
other insights were obtained from the model. Because not all 
of the isotopic material (deuterons from the solution around the 
elctrode) enters the metal, the loading flux into the bulk 
volume must be distinguished from the gas evolving flux. The 
QID model of isotopic loading utilizes the isotope flux 
equation (equation 2) which considers the differential isotope 
diffusiviry (B 0 ), electrophoretic mobility (u^), inhomogeneous 
spatial distribution ([D(z;t)]) f solubilities and magnetic 
susceptibilities. Without significant convection, the flux (!) of 
any i^ species (here deuterons) results from diffusion down 
concentration gradients and electrophoretic drift [Melcher 
1981, Swartz 1992]. 



(eq. 2) 




Coupled Differential Equations 

There follows coupled differential equations for ;each of the 
deuteron fluxes at the cathode, and for all catio^^gutionr 
With only coireideration ^ 

^ r .cpn^ * 




^the volume Jq^o^^ 



. - ... ?^;r*:6^Hm 

~;fB6tIr>tiie ^ s^^le , s d ^nIti- , ^ 
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the loading and the competitive gas-evolving reactions at the 
surfaces of the electrode [Swartz (1994d), Swartz (1997a), 
Swartz (1997c)]. The ratio of the applied electric field energy 
to thermal energy [kf*T] is decisive in controlling the loading 
in palladium and may be applicable to nickel and the proton 
reactions (or deuteron) at a nickel surface or in its volume. 

Competition Between Loading And Gas Formation 

The Q1D model of isotope loading indicates that the 
deuteron first order loading rate into the electrode is critically 
linked to gas evolution and is first order on u D * E. This first 
order loading rate equation (equation 3) relates the deuteron 
availability (secondary to the applied electric field) to the 
losses of deuterons to both gas evolution (K g ) and the fusion 
reactions (K ros ). 



(eq. 3) 



One simple but important corollary of this derivation is that 
the evolution of diatomic deuterium (D 2 ) gas and deuteron 
loading to the palladium cathode are mutually exclusive for 
any given applied electric field. The interpretation is that there 
is a fixed rate of excess heat available. With increasing drive 
input, the efficiency must therefore decrease, as is observed. 
There may be other easons, however, for the biphasic effects 
ranging from varia ions in the flux loading rate ratio to 
non-linear effects due to low dielectric constant layers in front 
of the electrode. 

I oration Of Excess Heat Within The 7t-Notch 

The origin of the site of heat may differ at different drive 
levels along the biphasic response curve. We have examined 
electrode temperatures in situ using a system which is 
relatively unaffected by the local electrical conditions. 
Because of potential errors associated with flow calorimetric 1 
systems [Swartz (1996b), Swartz (1996b)], a static isoperibolic 
calorimeter with waveform reconstruction and thermal controls 
[Swartz (1997a, 1997d)] was used. The temperature probes 
were specialized for this environment Probes were positioned 
abutting the central portion of the nickel spiral cathode, the 
platinum anode plate, and at several locations in solution. 

For nickei-piatinum-light water systems, the site of peak 
heat appears to change as the system is driven with increasing 
electrical drive. Although it is generally assumed that the 
excess heat liberation occurs at the cathode, in this system the 
site of peak temperature release was observed to be at the 
cathode only in when the system was driven in the center of the 
tt-notch. This was not necessarily true at other locations in the 
operating drive, space.,; y : AtA 
• there ^ 
V ^ (urider-ira^ 
^^istent:i^ 
electrical - drive levels;^oj^ 



• (nickel) appears to be the site of maximum heat generation and 
in over-unity amounts within the electrochemical cell. 
Furthermore, it is only at the peak that this outstanding 
cathodic behavior occiirs. , -Iliis j dichotomy of temperature 
between the two electrodes occured despite the excellent 
thermal conductivity of water. It is at the highest electrical 
drive levels, outside of the it-notch where the excess heat 
falls-off, that there then appeared to be more heat output 
generation (decreasing toward under-unity amounts) coming 
from the- anode. This incremental increase of anodic heat at 
these higher drive levels could be consistent with some 
increasing component of recombination occurring at that 
location. 

SUMMARY 

Thermal power spectroscopy, with attention to background 
noise, enables accurate determination of sample activity and 
has revealed a biphasic character to generation of the observed 
excess ir heat The latter is also, important Because it may 
account for some of the widespread difficulties in observing 
the phenomena. 

At the u-notch, the peak power ratio (7r Ni ) for these light 
water electrolytic nickel cathodic systems was in the range of 
2.5 to 3. There was a typical falloff of the observed power 
ratio for increasing input power or current levels, with a 
decrease towards a power gain ratio of 1. There may more than 
one reason- for this biphasic effect The Q1D 
(quasi- 1 -dimensional) model cf-isotope- loading explains the 
biphasic effects in terms of loading' and competition of the 
loading with electrolysis. The notch may also be dependent 
upon the sample's preparation, connection, and history, or 
failure to optimally drive the sample. Furthermore, the 
samples may have a peak output which is then only diluted by 
further increasing electrical power inpout 

The orfgin of the site of the heat appears to change at 
different drive levels. In nickel light water systems, under the 
7t-notch where there is excess heat, the cathode is incrementally 
hotter than the anode. Beyond theji-notch, as the excess heat 
appears to decrease as input energy is wasted with the electrical 
energy creating more electrolysis, the anode becomes relatively 
hotter, probably consistent with recombination at that site. 
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Gold Fusion and the Press 

by Charles G. Beaudette, 1993 Paxton Lectureship Winner 



>■•. New developments in science have 
always held my attention. Beginning 
with my undergraduate days at MIT, I 
have followed them at a fairly technical 
level and I have continued to do so during 
32 years of engineering practice. When 
something seems wrong I am apt to speak 
upi or write down, as the case may be. 
And so it is with this matter of cold 
fusion. 

To be fortunate enough to have an 
audience of those of professional 
achievement makes my task more plea- 
surable as it authorizes me to tackle the 
subject more aggressively and more de- 
finitively. Should this field develop rap- 
idly, it may wbll impinge on your 
professional lives more quickly than you 
might ordinarily expect. 

Although I am attracted to the techni- 
cal story of cold fusion, my interest is 
also piqued by the public assault upon its 
two disdovcrcrs. Assault- by or through 
the press, upon a newly emerged public 
figure has become a deplorable com- 
monplace of our communal life. The two 
discoverers of cold fusion now live and 
work in France and are financed by a 
Japanese company. It has come to that. 

Thomas S. Kuhn, in his bock* The 
Structure of Scientific Revolution, makes 
this observation: "Normal sci- 
ence. ..often suppresses fundamental 
novelties because they arc necessarily 
subversive of its basic commitments." 
Cold fusion is subversive of hot fusion, 
and it is moving right along. Visitors to 
MTT1, the Japanese Ministry of Interna- 
tional Trade and Industry, report that it 
will spend $25 million over several years 
in additional support of cold-fusion re- 
search of some 15 companies and several 
universities, and that it expects that the 
first prototype power packs using cold- 
fusion technology will be available no 
sooner than 1997 and no later than the 
year 2000. 

Although this is a professional audi- 
ence, 1 recognize that it is also a non- 
technical one. So let me first get out of 
the w:iy a brief description of the cold 
nuclear fusion device that we will call the 
celi 



We start with a brief mention of hy- 
drogen, the lightest clement; it has only 
one proton in its nucleus. We will also be 
concerned with an isotope of hydrogen 
called deuterium; it is like hydrogen ex- 
cept that it has one proton and one neu- 
tron in its nucleus, so it is twice as heavy. 
When its one electron is stripped away, 
leaving just the nucleus, it is called a 
deuteron. 

Heavy water is the name given to 
water whose molecules arc made up of 
deuterium and : oxygen. All water has 
some deuterium in it; a glass of water has 
many millions of water molecules made 
with deuterium instead of hydrogen. 

Palladium is a precious metal with 
certain unique properties. It acts as a 
catalyst; it make:* other things -happen 
while not being itself consumed. A, 
unique characteristic of palladium isthal 
it can absorbiarge amounts of hydrogen. 
This has been known for more llian half 
a century and is used as a method to 
purify hydrogen. It is for this special 
characteristic that palladium is used in 
the cold-fusion cell. 

If you take a one-quart mason jar and 
fill it with heavy water, you have a good 
start on making a cold-fusion cell. Into 
this jar place the important electrode* a 
sheet of palladium metal an inch square 
or so with a wire connected to it coming 
out of the jar. Then place a platinum wire 
in the water and add a salt, such as lith- 
ium hydroxide, to make the water con- 
ductive. 

If a direct current source is connected 
to the electrodes with minus on the pal- 
ladium, the cathode, you have an electro- 
lytic cell not unlike what many of you 
built in secondary school chemistry 
class. The action of the current through 
the solution will cause the water mole- 
cules to come apart chemically. Oxygen 
bubbles up from the platinum electrode, 
and hydrogen or deuterium gas bubbles 
up from the palladium electrode. 

In March 1WV. two clcclrochemisls, 
S tanley Pons and Martin Fleischmann, at 
the University of Utah. Sail Like City, 
where Pons was head of the chemistry 
department, announced at a press confer- 



ence that they had generated heat in an 
electrolytic cell by means of a cold nu- 
clear fusion reaction. 

In the Pons and Fleischmann electro- 
lytic cell, as it was explained by them, the 
electrical current pulls deuterium atoms 
into the atomic structure of the palladium 
electrode. There the deuterium atom 
finds a place of its own, and if its electron 
blends in with other electrons in the 
metal, only the deuteron — the nucleus — 
remains. 

It is argued that nuclear fusion takes 
place among the deutcrons, and maybe 
among the deutcrons and protons, within 
the metal lattice of palladium atoms. The 
fusion action releases heat energy into 
the metal and then into the bath. This heat 
adds to, the heat caused by the original 
electric current. This increase of heat is 
referred toby scientists working^on these 
cells as "excess energy." 

The lav/' of conservation of energy 
states that, in principle, every minute erg 
of energy can be fully accounted for. 
With energy traveling about, as it does, 
by conduction, convection and radiation, 
an accounting for every tiny bit can be 
difficult in practice. Should an experi- 
ment release much more energy, atom 
for atom, than is possible from any chem- 
ical reaction, that would be an indication 
that the energy is coming from the nu- 
cleus, and that further scientific investi- 
gations are warranted. 

To understand the ensuing contro- 
versy it is important to remember the 
grounds upon which the claim of fusion 
is based. The claim of cold fusion by 
Pons and Fleischmann and other scien- 
tists is based upon the generation of ex- 
cess heat at a density that cannot be 
explained by any process other than a 
nuclear reaction. 

Science is built on the repeatable ex- 
periment. Therefore, we should ask. Is 
the Pons and Fleischmann experiment 
repeatable? 

Yes and no; the cold-fusion experi- 
ment is immature. Many have repeated it 
in Ihnl they demonstrably have obtained 
excess energy. That everyone could not 
repeat the experiment means that its de- 
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sign is yd only partially iimlersUHxi. Is 
an immature experiment science? All 
revolutionary experiments had to go 
through a process of creation and devel- 
opment until they were perfected. Of 
course such work is science. But in retro- 
spect, it seems clear that it all looked 
much easier than it was/ and, suipris- 
ingly.it still does. 

Michael C H. McKubre, at Stanford 
Research Institute, demonstrated excess 
energy in Pons and Fleischmann-type 
cells during the fall of 1991, and most 
recently Akito Takahashi of Osaka Uni-, 
vcrsity also did. These results have been 
published in refereed scientific journals ■ 
During the past three years the repeat- 
ability of the Pons and Fleischmann cell 
experiment has been improving steadily 
while the experiment has been maturing. 

The latest experimental work aims to 
improve the specification of the palla- 
dium electrode and obtain sufficient in- 
fusion of deuterium into the palladium. 
It is now accepted that to make the cold- 
fusion process begin functioning it is 
necessary to achieve a "loading" of al- 
most one deuterium atom for each atom 
of palladium. Some recent experiment- 
ers have managed to "load" into the 
metal more than one deuterium atom for 
each atom of palladium. 

To share such experimental knowl- 
edge from India. Italy, the United States 
and Japan, the First Annual Cold Fusion 
Conference was held in Utah in the 
spring of 1990, followed by a second one 
in June 1991 in Como, Italy. The third 
was held last fall in Nagoya, Japan, and 
the next Will be held in Hawaii this De- 
cember. 

You may be aware that in 1989 the 
State of Utah committed $5 million to 
support further research. As part of the 
oversight of this expenditure the legisla- 
turecommissionedProf.WilfordR Han- 
sen, physicist at the University of Utah, 
to analyze the raw data that Pons and 
Fleischmann gathered from some of their 
performing cells. After doing extensive 
analysis of the data, Hansen concluded in 
June 1991 that, for one particular cell, 
"This [excess heat] is already an order of 
magnitude [10 times] larger than the en- 
ergy [needed] to vaporize the entire pal- 
ladium electrode. We have thought of no 
other self-consistent explanation than 
that the excess heat is real and very sig- 
nificant'* For another cell, he reports, 
"The integrated excess heat is about 



1700 EV [electron volts! of energy per 
palladium atom. This is about 400 times 
the vaporization energy of palla- 
dium...Therefore, [this cell] appears to 
be producing large amounts of excess 
heat, with the amount increasing with 
temperature.** 

Prof. Akito Takahashi, of the Depart- 
ment of Nuclear Engineering* Osaka 
University, Japan r lecturedatMTr in the 
spring of 1992 describing his most recent 
excess-energy results. 

Total energy balance for the 1 
week + 2 months run was.. .total 
input energy = 250 mega-joules, 
total output energy = 410 mega- 
joules and net excess heat = 160 
mega-joules.. .average input 
power = 50 watts, average output 
power = 85 watts and average ex- 
cess power = 35 watts. ..We 
should have, therefore, 
[a]*hiddcn* excess heat source in 
the cell. Other possible heat 
sources by chemical reactions can 
be estimated as loo small to ex- 
plain observed excess 
heat;... chemical reactions.. .can 
produce heat level[s] of the order 
of 0.015 mega-joules. The order 
of excess heat observed is about 
1000 times greater than chemical 
heat sources. 

More recently. Pons and Fleischmann 
report that high levels of heat production 
are now 100 percent reproducible and 
demonstrate a cell with an input power 
of only 37 watts that can boil away l/20th 
of a liter of heavy water in 10 minutes. 
This feat requires an excess power level 
of 144 watts during the 10 minutes. 

From this variety of evidence and ar- 
gument, what may we reasonably con- 
clude? 

The law of conservation of energy is 
considered absolute by all parties to the 
cold-fusion controversy. The excess en- 
ergy absolutely must have an ultimately 
identifiable source. There is no escape 
from this imperative. This quest is the 
very stuff of authentic scientific explora- 
tion regardless of where the answer re- 
sides- Excess energy from the 
cold-fusion experiment is proved but not 
explained. 

No one has any suggestion as to an 
alternate source of the observed excess 
energy other than the Pons and 
Fleischmann conclusion that some spe- 
cies of fusion process takes place within 



the alomic lattice structure of the palla- 
dium electrode. 

It is for this reason that the experimen- 
tal and theoretical work that passes under 
the name of cold fusion is a thoroughly 
legitimate scientific activity and de- 
serves to be funded. 

Let's sec then, how the critics ap- 
proach the matter of cold fusion. 

Of the five books now available on 
this subject, the two that are most critical 
entirely avoid the implications of excess 
energy. Neither of them tells the reader 
that excess energy has been well con- 
firmed, that its magnitude is beyond 
chemical sources, nor offers the author's 
opinion of its significance. 

Then the critics look for evidence of 
nuclear reactions — nuclear ash — that are 
generated by nuclear processes. Physi- 
cists and chemists with extended experi- 
ence in the nuclear field, naturally 
enough, rummaged through the experi- 
mental data looking for fusion's familiar 
neutrons and gamma rays. Finding few 
or none of these, they have raised a hue 
andcry against cold fusion, saying thatit 
isn't. 

But this assumes that the heat-gener- 
ating process in question is known. Cer- 
tainly one can look for the products of 
those fusion processes that are recog- 
nized from other work, but that involves 
the assumption that nothing really very 
new is happening here. Such considera- 
tions are named "miracles" by Prof. 
Huizenga, the author of Cold Fusion: 
The Scientific Fiasco of the Century, as 
a way to rhetorically discredit their pos- 
sibility. 

The measurement of excess energy by 
many scientists is accurate, real and 
large. Also, no one — physicist, critic or 
scientific experimenter—wen can sug- 
gest possible sources for this amount of 
energy other than a nuclear source. 
Therefore, we must anticipate the identi- 
fication of new and now-unfamiliar nu- 
clear reactions. This now seems to be the 
working assumption of those scientists 
leading the experimental work. 

The criticisms leveled by those who 
did not see familiar nuclear emissions 
from the cells and who did not much care 
about something called excess energy 
are well documented. 

Prof. Stephen E. Koonin, a respected 
physicist- "We have suffered enough 
from the delusions and incompetence of 
Pons and Fleischmann." 



- - Prof. Ronald Parker, Director of the 
MIT Plasma Fusion Center, said that the 
work of Pons and Fleisch mann is "scien- 
tific schlock** and "maybe fraud.** 

Prof. John R. Huizenga, University of 
Rochester, said that cold fusion is 
"pathological science.** 

This last phrase appeared in an Octo- 
ber 1989 report by the U.S. Department 
of Energy Cold Fusion Panel of the En- 
ergy Research and Advisory Board. The 
report recommended no money for cold- 
fusion research and prohibited any such 
research activities in Department of En- 
ergy laboratories. Notice the severity of 
this report. By administrative flat, some 
of our finest scientists — directors of fed- 
erally funded laboratories — are not pcr- 
mitted to carry on cold fusion 
experiments with discretionary funds. 
This prohibition is probably the principal 
factor in preventing an expansion of 
cold-fusion research studies in the 
United States. 

And the critics continued. Physics 
professor H.W. Lewis said, "That they 
lived to hold their press conference is 
clear and unambiguous proof that they 
did not produce any noticeable amount 
of power through cold fusion/* Arid, 
"We mortals cannot change those facts.** 

Dr. George Chapline of Livermore 
Laboratory said that the Utah results 
were "a case of self-deception... The 
claims of these people are preposterous 
on the face of it.** 

In his defense, Stanley Pons said. "Wc 
haven* t any doubt that a deuterium fu- 
sion reaction is occurring in the palla- 
dium." And, "There is no reason the 
(fusion] reaction has to be the same [as 
in hot fusion].** 

That, in a nutshell, is the source and 
content of the controversy. Now, briefly, 
let us look at how the press handled this 
controversy. 

Jerry Bishop is the science writer for 
The Wall Street Journal He has pub- 
lished some 30 reports on cold fusion 
during the past four years. In recognition 
of the quality of these reports, in January 
1992 the American Institute of Physics 
gave him their Science-Writing Award 
in Physics and Astronomy. Aware of 
how different his reporting was from that 
of other publications, he offered the fol- 
lowing admonition: 4 *A reporter gets into 
a very dangerous .situation when he be- 
gins to decide what the public should 
know or should not know." 



The New York Times reported the con- 
troversy as a political story rather than a 
science story. The majority view set the 
tone or attitude for each story; the major- 
ity quickly became the "scientists,** and 
the successful cold-fusion experimenters 
became the "enthusiasts.** 

The Times overlooked a third party in 
this contention: Mother Nature. In all this 
dispute, we must never forget that 
Mother Nature is a silent partner. Mother 
Nature knows, even if The New York 
Times does not, whether cold fusion is 
happening in the cells. Mother Nature 
will determine the outcome, and will do 
so quite without regard to the persuasion 
of the majority. 

This concept is important because pro- 
vincial newspapers' use wire services 
most of the time, services that, except for 
Reuters, tend to follow the lead of the 
Times. As an editorial in the WSJ put it, 
"There is an odd habit among presum- 
ably competitive journalists... of decid- 
ing that they will agree with each other 
on the meaning of major news stories.** 
The major media definitely agree with 
the Times on the meaning of thexold-fu- 
sion story: There is nothing there except 
unmitigated scientific hype. 

A number of refereed scientific jour- 
nals, such as Fusion Technology, The 
Journal of Fusion Energy, The Journal 
of Electroanalytical Chemistry and sev- 
eral others are willing to run the gauntlet 
of elite opprobrium and publish cold fu- 
sion technical articles. 

The opposition to such articles, how- 
ever, has not reached the point that it did 
during the anti-nuclear power days, 
when opposition to publication of partic- 
ular articles, such as the Inhaber Report, 
was overtly organized and orchestrated. 

The preeminent scientific journals — 
Nature, Technology Review, and Scien- 
tific American — that write for a broad 
audience are now closed to technical 
news and articles on cold fusion. But 
more significantly, they are also closed 
to discussions about the merits of study- 
ing the excess-energy phenomenon. 
From their point of view, there is no 
scientific controversy about the exis- 
tence of cold fusion. 

They do, however, comment editori- 
ally on the foibles of others. For example, 
at one of the early cold fusion wakes, the 
editor of Nature intoned, "Would a mea- 
sure oi unrestrained mockery , even a lit- 
tle unqualified vituperation, have 



speeded cold fusion's demise?** Or (for a 
second wake), I quote, "Farewell (not 
fond) to cold fusion... the cold fusion 
fuss is discreditable to the scientific com- 
munity as a whole... so many serious 
people have been bamboozled for so 
long... a shabby example for the 
young. . .the time wasted. .. there is a limit 
to people's patience....** At no place in a 
full page of this censure is there any 
reference to the significance of the ob- 
served excess energy. 

The editors of Nature have painted 
themselves into a tight comer with these 
words. I watch with anticipated amuse- 
ment to see when the editors begin to 
have some first thoughts about digging 
themselves out. Scientists and science 
writers who address a broader audience 
than that offered by the refereed techni- 
cal journals are thus led to periodicals on 
the publication fringe. To the dismay of 
these authors, articles derived from the 
Second Annual ColdFusion Conference 
appeared, for example, in 21st Century 
Science and Technology, a magazine 
published by the Lyndon LaRouche sup- 
porters. 

Editors of the scientific press are often 
the wes to whom the general press looks 
for the meaning of science stories. 

For example, the U.S. government's 
credibility in its 1992 charge that the 
Soviet Union was using a new T-2 my- 
cotoxin-type of chemical weapon in 
Laos and in Afghanistan was effectively 
undermined by the appearance in Scien- 
tific American of a 10-page article pur- 
porting to show that "yellow rain,** as it 
was called, was merely the excretions of 
honey bee swarms. A similar situation 
has arisen now with regard to the credi- 
bility of cold-fusion research results, but 
with a new twist. 

As you may be a ware, Scientific Amer- 
ican is printed in many countries with 
more or less identical page content ex- 
cept for language. But in each country it 
is a separate publishing venture. The 
Nikkei publishing company publishes 
the Japanese version under the name 
Saiensu (Science). 

In the March 1992 issue of the Japan- 
ese edition, the results of Takahashi's 
experiments and consequent theoretical 
musings were well reported in a story 
covering two pages and with what I will 
call quantized information — what others 
might call actual numbers. Naturally 
enough, some American scientists called 
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the offices'of the American publication, 
whose longtime editor is Jonathan Pick 
to ask why it had not published any cold- 
fusion experimental results in the United 
States. 

* His response is instructive. It was pub- 
lished in the (U.S.) 1992 May issue, 
which some of you may have seen. If one 
wants to understand what is going on — 
and that is a large part of my purpose — 
the answer, by editor John Horgan, is 
worth a brief analysis. 

The editorial is entitled, "Japan, Cold 
Fusion and Lyndon LaRouche" 
If U.S. proponents of so-called 
cold fusion, otherwise known as 
fusion-in-a-botllc, arc to be be- 
lieved., .cold fusion has been dis- 
missed as "pathological science** 
by the vast majority of scientists 
■ since it was proposed three years 
ago by chemists B. Stanley Pons 
and Martin Fleischmann. 
Notice how the editors put it It is 
proponents'* versus "scientists.** 
But the undeniably attractive idea 
of limitless energy r rom battery- 
like [sic] cells still l is its believ- 
ers. 

Notice how "proponents** have now 
become "believers**— maybe members 
of some kind of religious sect. 
To regain respectability— and, 
even more important, funding — 
proponents are raising the famil- 
iar specter of Japan. 
Notice that, in the eyes of the editors 
of Scientific American, the cold-fusion 
scientists do not have even "respectabil- 
ity.^ ■ . . " ■ ■ 

On paper, the Japanese effort in 
cold fusion does sound impress- 
ive. It involves some 100 Japan- 
ese scientists from 40 academic 
and industrial institutions.. .these 
workers are expected to attend the 
Third International Conference 
on Cold Fusion in Nagoya in Oc- 
tober... In addition, a Japanese 
company is reportedly sponsor- 
ing research by Pons and 
Fleischmann in a laboratory near 
Nice, France. 

Notice that "the Japanese effort,** as 
described, is not about scientific work 
underway, but is merely an administra- 
tive report. 

Like their American counter- 
parts, Japanese cold fusion re- 



searchers periodically announce 
astonishing results. 
Akito Takahashi of Osaka Uni- 
versity recently claimed... excess 
power from an apparatus similar 
to the one originally used by Pons 
and Fleischmann.. .Yet Taka- 
hashi's results remain unrepro- 
duced by other researchers and 
unpublished in a peer-reviewed 
journal. 

Notice that when this was written it 
had only just happened. Twelve months 
later. Scientific American's readership 
had not yet been informed that 
Takahashi*s work had been published in 
the International Journal of Applied 
Electromagnetics in Materials [3 (1993) 
221] in 1992, nor had they been informed 
that his work had been reproduced by Dr. 
Edmund K. Storms at the Los Alamos 
National Laboratory, and published in 
Fusion Technology [23 (1993) 230] in 
1993, even though editor Horgan admit- 
ted that TakahashTs claim represented 
"astonishing results.** 

Fleischrpann, when pressed, re- 
luctantly confirms that he and 
Pons are indeed supported by 
Tcchnova. Although he declines 
to reveal details about his work. . . 
Notice that the editor avoids revealing 
to the readership that Pons and 
Fleischmann have published extended 
papers on their work in peer-reviewed 
journals. 

Although [Fleischmann] declines 
to reveal details about his work, 
he does note that "good informa- 
tion** on cold fusion can be found 
in 21st Century Science & Tech- 
nology, a journal published by 
followers of Lyndon H. 
LaRouche. LaRouche, who is 
now. . .serving a 1 5-year sentence 
for fraud, has previously claimed 
the existence of an international 
drug cartel run by the Queen of 
England. 

I have to admit that the editors have 
there a nice punchline. 

We are now being asked by the editors 
of Scientific American to associate the 
founders of what has become the scien- 
tific field of cold-fusion research with 
the works and claims of Lyndon 
LaRouche. This reminds me of a despi- 
cable practice once called guilt by asso- 



ciation and now sometimes referred to as 
McCarlhyism. 

I ask you, is this sort of thing enough 
to explain why Stanley Pons departed his 
job and home in Utah and took his family 
to southern France to renew his work 
with Marvin Fleischmann? 

Finally, on the editorial, note that it 
never mentions why it was written, what 
its sister publication in Japan is publish- 
ing, or that it was asked by American 
scientists for an explanation. For all their 
subscribers all context is omitted. I fear 
that that great publication is resting on its 
laurels. 

The critics chose to trust only the nu- 
clear physics of 50 years ago. They 
pointedly ignored the law of energy con- 
servation, a much older and more funda- 
mental regimen. So what? There's 
nothing particularly wrong with being 
wrong, except being wrong. On such a 
matter as this, they will find themselves 
in excellent company, and a lot of it. But 
how are we to explain the largess of 
vitriol that has and is being slung at Stan- 
ley Pons and Martin Fleischmann? 

In this protracted conflict between the- 
ory and experiment always remember 
what it is that nfakes science science: 
Experiment pre vails over theory. Theory 
never bows to experiment 

The excess energy of the Pons and 
Fleischmann cell has been competently 
demonstrated. Finding its source is a 
wholly legitimate scientific enterprise 
now well underway. Nature and Scien- 
tific American magazines have greatly 
hindered this scientific work by heaping 
calumny on those scientists engaged in 
identifying its source. 

As happens in many new scientific 
developments that promise useful appli- 
cations, this line of research is now divid- 
ing into two avenues. Systems for the 
generation of high levels of excess en- 
ergy will largely disappear into the com- 
mercial laboratory, and there will be 
shrouded in the conventional secrecy of 
new-product development. 

The scientific search for the origins of 
excess energy, and possibly immortal re- 
nown, will continue unabated in foreign 
laboratories. We must allow this explo- 
ration for the indefinite future as mother 
nature guards her secrets with great jeal- 
ousy. 

Whether this country will participate 
more than just peripherally depends en- 
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lirely on the character of our scientists in 
facingthe politically inspired imposition 
of the press. Their track record to date is 
not encouraging. 

I have brought you what, in our coun- 
try, is a sorry tale of process, but, glob- 
ally* is an exciting tale of progress. 
Between now and the turn of the century 
we should see a fascinating development 
of this new energy source. 

This paper was presented to the West- 
ern Maine Torch Club on September 30, 
1992. 
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Charles Beaudette received his degree 
in electrical engineering from the Massa- 
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Force, Beaudette started his own com- 
pany that manufactured an item of digital 
instrumentation. He later joined EG&G 
Corp. as an engineering manager work- 
ing on facsimile transmission. Beaudette 
holds two patents on image compression, 
a technique used in facsimile transmis- 
sion. 
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as a trustee of North Yarmouth Academy 
in Yarmouth, Me., and the World Affairs 
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The publishing fiasco of the century 



BY EUGENE F. MALLOVE 

Cold Fusion: Scientific 
Fiasco of the Century 

University of Rochester Press, 1992, 259 
pages, $45 v 

by Professor John ft Huizenga 
Co-chairman, U.S. Department of Energy 
Cold Fusion Panel, 1989. 

What can one say about an author 
who ignores essentially all the 
positive evidence for cold fusion, who 
leaves out virtually everything after 
1989, who says nothing about the rev- 
olutionary yet ultra-cautious cold fusion 
work carried out by the conservative 
Electric Power Research institute, who 
denies that a major cold fusion effort is 
under way in Japan, who doesn't even 
mention the cold fusion experiment 
controversy at MIT and the controver- 
sy about the Caltech "negative" cold 
fusion experiment? Not much. That is, 
unless you know that John Huizenga 
was the first Department of Energy- 
designated general in its uncon- 
scionable war against cold fusion. 

In 1992, as the pace of the cold fu- 
sion revolution quickened in Japan and 
in numerous "underground" laborato- 
ries in the U.S., France, Italy, and else- 
where, John Huizenga finally got his 
cold fusion book. Since 1989, attack- 
ing cold fusion research and scientists 
curious about the strange phenome- 
non has been Mr. Huizenga's pas- 
time—one might say, his obsession. 
And well it might be, because his repu- 
tation is at stake. Huizenga says that 
interest in cold fusion is "dying," but it 
is he who is going down for the last 
time. 

As the co-chairman of the 
Department of Energy's Energy 
Research and Advisory Board (ERAB) 
Cold Fusion Panel for the mere six- 
months in 1989 that it officially investi- 
gated cold fusion, John Huizenga and 
his fellow panelists were given an awe- 
some civic responsibility. Their duty: to 
assess the numerous shocking, some- 
times apparently conflicting, and al- 
ways intriguing reports of what had 
come to be called "cold fusion"— 
provocative evidence of significant ex- 
cess power production in palladium- 
platinum electrochemical cells filled 




with heavy water, as well as nuclear 
products from possible heretofore un- 
known nuclear processes. 

Drs. Martin Fleischmann and 
Stanley Pons made the original bold 
claims in Utah at a press conference 
on March 23, 1989, which has since 
been severely criticized by skeptics 
and even so-called "believers." 
; However, the method used to dis- 
close this shocking finding and the in- 
triguing political-scientific-media inter- 
play before and after is not the main 
issue. Of overriding importance was 
and is: 

Is cold fusion real, and, if so, what to 
do about it? 

Yes, in retrospect, the premature an- 
nouncement was a disaster, which 
Pons and Fleischmann themselves 
had resisted; they wanted to work an- 
other year and a half before reporting 
their results. And when they did an- 
nounce, their hands were tied by 
patent lawyers who prevented ade- 
quate disclosure. The politics, the in- 
trigue, the ongoing fight over patent 
rights are not pretty, and they are real. 
Nobody denies that. But these have 
nothing whatsoever to do with the ba- 
sic science of cold fusion. The news 
conference and the problematic press 
release are not the issue. The DOE did 



. not ask Huizenga to judge the aesthet- 
ics or the propriety of people's behav- 
ior, it asked him to look at the scientific 
facts— and dearly he didn't 

Disagreement has its limits 

In March, 1989, if the cold fusion re- 
port was not just a big mistake, it was 
possible that a new kind of nuclear 
process had been discovered— possi- 
bly a new form of metal atomic lattice- 
induced fusion, or possibly new kinds 
of chemical reactions, but in any case 
a chance of something new to science. 
Most people thought this was wonder- 
ful. At least there would be an exciting 
new. detective story in science, but 
Huizenga and his ilk thought it was ter- 
rible. If the claim of excess power gen- 
eration were true and this heat were 
accompanied mainly by relatively low- 
levels of -rfieutrons and tritium, cold fu- 
sion would, indeed, be a revolutionary 
discovery with far-reaching implica- 
tions for the world energy economy. 

If the new power source could be re- 
duced to practical technology, the 
planet would have an infinite source of 
energy from sea water in the hydrogen 
isotope, deuterium. Many working in 
the cold fusion field, including myself, 
after being quite skeptical for many 
months or years, are now convinced 
that "cold fusion" phenomena are real, 
and that the revolution will come. It will 
only be a matter of time: 

Of course, there are those who dis- 
agree with this assessment, and this is 
how it should be in science. Still dis- 
agreement has its limits. 

In 1989, instead of adopting a com- 
pletely open-minded view of startling 
new data and getting to the bottom of 
what was going on, the scientific 
process was derailed. 

Disaster struck: in walked Professor 
John Huizenga. Under the strong influ- 
ence of Huizenga and his precon- 
ceived belief that cold fusion "contra- 
dicted the foundation of nuclear 
science" (p.viii), the Department of 
Energy cold fusion panel engineered a 
highly flawed, indefensible document. 
Its negative conclusions were largely 
solidified (by Huizenga's own admis- 
sion) by July, 1989, barely three 
months after the panel began its work. 
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By the end of October, 1989, the 
i group's work was reduced to a final re- 
j port with conclusions that have, if not 
entirely stymied, seriously hampered 
the scientific investigation and com- 
mercial development of cold fusion 
. power in the United States. 

But from Huizenga's book, which re- 
. counts the Investigation" by the ERAB 
panel, there may yet come some good, 
i because Fiasco proves beyond ques- 
tion that at no time in the panel's delib- 
erations were serious thoughts given 
to even the possibility that a new form 
of nuclear process might be occurring 
in metal lattices. - ; 

It is proof positn/e that the study was 
biased from the outset and easily 
could be construed as a major decep- 
tion perpetrated on the people of the 
United States. Each of the panelists 
bears some responsibility in this re- 
gard, but none as much as Huizenga, 
who was clearly the driving force in the 
rush to judgmer i Some of the less-in- 
volved panelists upon investigating for 
themselves wha. has really been going 
on in cold fusion research since they 
signed the ERAB report, might have 
second thoughts about their approval. 

From this influential document has 
come a poisoned scientific atmos- 
phere, media ridicule of continuing 
honest scientific investigations, a cut- 
off of DOE funding for cold fusion, the 
banning of even "bootlegged" cold fu- 
sion research at some federal labora- 
tories — in other words, at the very 
least an embargo against a new sci- 
entific field.: 

The continuing news of successful 
and provocative cold fusion research 
in Japan, the funding for cold fusion 
from the private Electric Power 
Research Institute (EPRI) in the U.S., 
and multi-million dollar funding by the 
Japanese Ministry of International 
Trade and Industry (MITI) must grate 
on Huizenga. His two favored villains, 
Pons and Fieischmann, hard at work 
at a laboratory in France funded by 
Japanese businesses affiliated with 
Toyota, have achieved reproducible 
boiling in cold fusion cells, which has 
vaporized all the heavy water elec- 
trolyte—over and over again. 

But Huizenga says 'nay* 

Such spectacular results have be- 
come the order of the day in the cold 
fusion field. But Or. Huizenga doesn't 
believe any of the cold fusion evi- 
dence. He says that every bit of it can 



be characterized in two words — 
"pathological science." All these hun- 
dreds of scientists in over a dozen 
countries still working or interested in 
coldfusion are deluded. 




Professor John Huizenga / 

John Huizenga attended the Third 
International Conference on Cold 
Fusion (ICCF3) in Nagoya, Japan 
(Octobe 1992) and ICCF4 on Maui, in 
December 1993. At no conference 
session did he offer any public techni- 
cal comment, nor did he present any 
paper. However, after both cold fusion 
conferences the U.S. press dutifully 
printed Huizenga's remarks to re- 
porters that he still considered cold fu- 
sion to be "pathological science" and 
that no further evidence had emerged 
to change his mind. Clearly, Huizenga 
is still at war with cold fusion. Why? 

Excess heat in cold fusion experi- 
ments is illusory, says Huizenga, even 
though he cannot point to any errors 
being made. Tritium generation found 
by over 40 cold fusion groups is a vast 
mistake, and in one famous case, pos- 
sibly fraud, says Huizenga. In his book 
he continues to give credence to Gary 
Taubes' sophomoric charge of tritium- 
spiking of cold fusion cetls at Texas 
A&M University. Texas A&M looked in- 
to these charges long ago and showed 
they were without foundation. 
Furthermore, others have shown that it 
Is not even physically possible to 
"spike" with tritiated water to get the re- 
suits of that research group. 



Neutron bursts and continuous neu- 
tron emissions encountered by numer- 
ous laboratories around the world are 
all erroneous. The ones Huizenga 
thinks he can't outright dismiss he 
says are likely to be wrong or unimpor- 
tant if they are right. Charged particle 
emissions and several helium findings 
are all wrong, says Huizenga. Cold fu- 
sion research is a gigantic waste of 
time and money, says Huizenga. 'The 
world's scientific institutions have prob- 
ably now squandered between $50 
and $100 million on an idea that was 
absurd to begin with," (p. 184) says 
Huizenga. 

Over and over again, Huizenga em- 
ploys the pathological science label 
and inference. That is precisely why 
this book may come to be known as 
the "publishing fiasco of the century," 
perhaps in a class with Rene 
Blondlot's famous tome on non-exis- 
tent "N-rays" earlier this century. Long 
after "N-rays" were convincingly dis- 
proved in a decisive experiment, their 
inventor, Blondlot, carried on with his 
obsession. Similarly, we ask: Has 
Huizenga fallen into the same kind of 
trap? Will Huizenga find it virtually im- 
possible to accept cold fusion, to admit 
that he was wrong — even when com- 
mercial power devices pass juice into 
his wires? 

Don't expect to learn about the other 
side, the latest positive cold fusion ex- 
periments, in Huizenga's book. In fact, 
there isn't even appropriate discussion 
of some very good cold fusion experi- 
ments that were done long ago— at the 
time Huizenga was masterminding his 
DOE report And definitely donl expect 
to find what most "believers" really be- 
lieve. He does not adequately discuss 
their theories. He cites preliminary 
1 989 versions of theories that have 
since gone through many iterations 
and have been expanded and im- 
proved. He cites theories, such as the 
valiant Wailing-Simons theory, that 
were abandoned in 1989 in favor of 
better ideas. 

In fact, virtually every time the word 
theory appears in Fiasco it is set off in 
sarcastic quotes— as in "theory." It is 
as though no one should even attempt 
to explain what to Huizenga from the 
outset was so obviously impossible 
nonsense. 

Huizenga maligns the evidence and 
wantonly dismisses all theories a 
priori. He says of theorists: 
"Conventional nuclear physics was 
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declared invalid in metallic lattices 
by fiat* No cold fusion theorist ever 
made any such assertion. Here is 
what most cold fusion believers do 
believe has been established: The 
excess energy-beyond the electri- 
cal power put into an electrochemi- 
cal cold fusion cell—is in many cas- 
es so large (tens to hundreds of 
megajoules per mole of palladium 
atoms accumulated over long and 
sometimes short periods of time) that 
this heat cannot be due to ordinary 
chemistry. 

Chemistry or other conventional en- 
ergy storage mechanisms cannot ex- 
plain these excess energies, period I 
So the energy could be due to nuclear 
reactions, mini-black holes, interac- 
tions with cosmologicaf dark matter, or 
microscopic broccoli plants, but it must 
be explained and conventional chem- 
istry doesn't hack it. 

Most cold fusion "believers" are very 
conventional and ire thus more at- 
tracted to nuclear explanations than to 
mini-black holes. Th^y have noted that - 
in the same or similar electrochemical 
systems, nuclear products— tritium, 
neutrons, helium— have been con- 
vincingly detected, tt matters not a 
jot that these particular already de- 
tected particles are not fully com- 
mensurate with the demonstrated 
power levels (as Huizenga de- 
mands atf nauseam). Cold fusion 
investigators have been saying all 
along that the particular main-line 
reaction path could be isotopic 
shifts from the transfer of neutrons 
(from deuterium, for example) to other 
elements— the palladium, the lithium, 
the light hydrogen, or even other impu- 
rities known to be in the complex metal 
system. These are not easy to unravel, 
particularly because reproducibility of 
cold fusion reactions has been a seri- 
ous problem, exacerbated by the zero 
DOE funding situation that Huizenga 
and Company have left us. 

In most cases so far, these reaction 
products would not have been readily 
seen because of their low levels or be- 
cause resources were not available to 
hunt for them. That these products 
have not been neatly packaged for 
him, and the mechanism explained 
from day one, proves to Huizenga that 
cold fusion is without substance. This 
appears to be a deliberately mislead- 
ing contention and a faulty approach to 
science. Fiasco is, quite literally, a 
bizarre pastiche of misinformation. 



"Surprises do 
occasionally occur in 
science." (p. viii) 

—John ft Huizenga, Tracy H. Harris Professor of 
Chemistry and Physics 



Huizenga's opinion of cold fusion at 
the outset of the controversy is docu- 
mented compendiously in Fiasco. 
When the Congressional inquiry into 
this matter is eventually held, the evi- 
dence of his words will be more than 
adequate to prove that he was hope- 
lessly biased from the start Why was 
such a skewed chairman chosen? 

Is that you, Darth Vader? 

If you know Washington and the fed- 
eral research establishment, you al- 
ready know the answor: Huizenga was 
chosen to be the ha-^het man. The 
DOE wanted to strangle the cold fu- 
sion "nonsense" in its cradle, before it 
became too noisy an embarrassment 
to DOE's expensive and troubled $500 



"A foolish consistency is 
the hobgoblin of little 
minds../ 9 

—Ralph Waldo Emerson, 1341 



million a year hot fusion program. In 
describing his appointment to head the 
ERAB panel, Huizenga says, "My ini- 
tial feeling was that the whole cold fu- 
sion episode would be short-lived and 
that it would be wise to delay appoint- 
ing such a panel." (p.42) Yet Huizenga 
asserts, "In my close association with 
each of the panel members, I saw no 
evidence of bias on the part of any 
panel member." (p. 104) He forgot to 
examine his own soul. 

Huizenga claims that those who 
thought they had found no evidence of 
cold fusion were ". . . reluctant to publi- 
cize their findings. Firstly, these groups 
were cautious, wanting to be sure that 
they themselves had not made mis- 
takes." 

Not sol i was the chief science writer 
in the News Office at MIT at the time 
and I can testify that the MIT Plasma 
Fusion Center-Chemistry Department 
group investigating cold fusion salivat- 



ed at the prospect of destroying 
Pons and Fleischmann, almost 
from the first day. Director of the 
Plasma Fusion Center, Professor 
Ronald R. Parker, and Professop 
Ronald Ballinger in late April, 1989, 
helped launch a vicious attack on 
Pons and Fleischmann with a de- 
liberately planted story in The 
Boston Herald. The taped inter- 
view with the Herald Reporter is now 
public record. 

So many other things are mysteri- 
ously missing from Fiasco. Although 
the group is mentioned by name, we 
read nothing of the pioneering work of 
Dr. Michael McKubre and his EPRI- 
funded group at SRI International in 
Menlo Park, California. This team is 
widely acknowledged by both believers 
and even fence-straddlers to have 
done some of the most careful cold fu- 
sion calorimetry in the world. Although 
a tragic and still puzzling explosion in a 
SRI cold fusion experiment killed elec- 
trochemist Andrew Riley on January 2, 
1992 (also not mentioned by 
Huizenga), EPRI is still solidly behind 
the McKubre work. Why doesn't 
Huizenga discuss McKubre's 
work? Readers would very much 
like to know what errors he was 
able to find in it 

He devotes only one paragraph 
to the Second Annual Conference 
on Cold Fusion in Como, Italy, held 
in July, 1991. He says nothing 
about the new findings that were 
presented there, which were nu- 
merous and impressive. 

In fact, world-class electrochemist 
Dr. Heinz Gerischer of the Max Planck 
Institute attended the conference as a 
skeptic, but left convinced that nuclear 
reactions at some level were, indeed, 
occurring in metal lattices. Later he 
wrote in a memo to the German gov- 
ernment: "The fact that in the Republic 
of Germany this work has been inhibit- 
ed is no longer justified. It could, later 
on, be regarded as a very unfortunate 
gap in German research when com- 
pared with the present activity in other 
countries and particularly in Japan." 

However, Huizenga managed to find 
space in his brief paragraph on Como 
to explain why Steven Jones, a propo- 
nent of low-level cold fusion neutrons 
who does not believe that the excess 
heat is of nuclear origin, declined to at- 
tend the conference. 
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*» Huizenga distorts the truth in many 
ways. The final report of the Utah 
National Cold Fusion Institute (1991) 
was available to him and contains 
clear descriptions of reproducible tri- 
tium generation in experiments by the 
ultra-cautious eiectrochemist Dr. Fritz 
Will. Yet Huizenga asserts, There has 
been no sign of this growth of under- 
standing of cold fusion either in the 
production of fusion products or ex- 
cess heat." (p. 126) He makes the 
same assertion at greater length on 
page 102. 

Describing the conclusions of his 
panel's report, he points proudly to its 
objective to cut off funding: r. there 
should be no special funding for cold 
fusion. This recommendation was 
meant to insure [sic} that no research 
centers or special programs to investi- 
gate so-called cold fusion phenomena 
would be developed with federal 
funds."(p.10T) Huizenga obviously fan- 
cies himself a hero upholding the puri- 
ty of science. 

And it was not only funding that he 
sought to haft. For example, he un- 
abashedly admits his role in trying to 
prevent Wall Street Journal senior sci- 
ence writer Jerry Bishop from receiving 
the American Institute of Physics 
award for science writing for his series 
of cold fusion stories. Even some 
skeptics, slightly less ardent than 
Huizenga, have appreciated and 
praised Bishop. 

Huizenga bemoans the publication 
of theories of cold fusion. He wants to 
keep the technical literature safe from 
pernicious ideas, that is, ones he can't 
compass. 

Fiasco does, however, have several 
high points for which we should thank 
the author. I was also delighted to see 
confirmed the facts which I disclosed 
in Ftre from Ice about the attempted 
resignation from Huizenga's panel by 
physics Nobel laureate Norman F. 
Ramsey. It was the last session of the 
panel's meeting and the less involved 
co-chairman Ramsey, though not con- 
vinced that cold fusion effects were re- 
al, was uncomfortable with the report's 
thoroughly negative tone, given the un- 
certainties that remained. In exchange 
for not resigning, which would have 
been a major PR snafu for Huizenga's 
panel, Ramsey was apparently able to 
extract from an unwilling Huizenga the 
addition of a qualifying preamble. This 
"weakened the report somewhat," ac- 



cording to Huizenga. (p.92) Huizenga 
says he was perturbed that this (to oth- 
ers) eminently reasonable preamble 
was "noncommittal and evasive." Just 
as I wrote in my book, "He [Huizenga] 
wanted the final knife to go in with a to- 
tally negative report." Among other 
things, the preamble states clearly: 
"Consequently, with the many contra- 
dictory existing claims it is not possible 
at this time to state categorically that 
ail the claims for cold fusion have been 
convincingly proved or disproved." In 
my view, Ramsey was a hero for hav- 
ing won that much from Huizenga, but 
it would have been far better had he 
resigned from the panel. : " 

Huizenga's book is a masterpiece in 
reasoned irrationality— a seeming con- 
tradiction in terms, but very apt for this 
exotic work. Professor Huizenga's 
words reveal him to be an incompe- 
tent, who even with his presumably 
broad and detailed knowledge of nu- 
clear physics, has not assimilated the 
nost elementary understanding of sci- 
ence. He does not recognize it as a 
process of discovery whose lifeblood is 
anomaly, the new, the different. How 
else can science progress? 
Huizenga's view of science is stodgy, 
status quo, stultified, and steeped in 
mind-boggling conventionality. 

Read it and weep 

With all this said, "Fiasco" deserves 
to be read, but not bought It is an ob- 
ject lesson in the hazards of labeling 
honest science "pathological." Perhaps 
we should rejoice in "Fiasco," because 
here we have, once and for all, the 
perfect demonstration of how science 
should not be done when confronted 
with puzzling results: 

1. Start with the preconceived idea 
that reported data suggest a phenome- 
non that is impossible; 2. Use a stan- 
dard theory to prove impossibility 
(much as Simon Newcomb "proved" 
that heavier than air flight was impossi- 
ble a few years before it was accom- 
plished by the Wright brothers); 3. 
Continue for years to reject every ex- 
periment with positive results as "obvi- 
ously in error," while accepting sup- 
posedly "negative" experiments done 
in a few months or weeks time by "first- 
tier" universities and labs; 4. Ignore 
and mock ail theories that attempt to 
explain the phenomenon — even those 



that employ accepted mathematical 
formulations of quantum mechanics. 
(And, for good measure, ignore later 
published versions of initial theories 
that are available in the open litera- 
ture.); 5. Command a clique of like- 
minded scientific doubters on a federal 
panel and foist a deceptive rush-to- 
judgment onto an unsuspecting public, 
ill-equipped to second-guess "official" 
scientific wisdom. 

This is a lesson we could well have 
done without. It would have been so 
much better had Huizenga been scien- 
tifically up to his civic responsibility on 
the cold fusion panel. Huizenga is at 
least partially right in one of his ideas 
(though not in the anti-cold fusion 
sense that he intended), as expressed 
in part of the last sentence in his book: 
"...the scientific process works by ex- 
posing and correcting its own errors." 
A better irony here: the data from cold 
fusion experiments weren't "preposter- 
ous," Huizenga was. He will be 
corrected. V 4j * 



Coming Soon 

"COLD FUSION" 
Marketplace 

This is the place to put 
your classified advertise- 
ment to... 

• Buy, 
•Sell, 

• Trade 

Your equipment, books, 
whatever. For detailed 
information on rates 
and scheduling call 

1-800-677-8838 
Ext. 304, or write... 

"COLD FUSION" 
MAGAZINE 

70 Ric. 202 N. 
Peterborough, NH 03458 



COLD FUSION 93 



O ± tf 



g Q -a S v a 




1 T3 

■ e 



G $ - 3 2 c 

1 2 fill 

111 rjil 

?g£ 8 «£ 




c *5 

8<a o 

3 <2 

g's s 



•3 2 E ° w e-S 
i js « c - e 2 

| ° 2 g 
.S§ ES c : o'S 

S B 2 a 

§ g g'c >>! 
■a "Ml -MS 



2 e « 

3 US£Z§ 8 || S § 

* J « i 

5 3 « 

§ § e 



„ .§ jj e .s «2 
•S 3e 8 s §•§ 




O .T5 

E &.S 



o e -c 
O 5 S'.S 



E.S i: w § S S a 





I 

I 

f 

i 
I 



SI*?. 1 £2 32 
- 2 £ £* g| 2 
^ 2 2 2 |5"g | 




: S § S „•> 

J8.I **; 



^ C 

£22 



Q, » M 

•all | 

Hit 



sin 



•r 5 « w s 
1 ^ C 



2 e e°§ 111 fl 23 5T 

11 Jill JiFil 



'53 



Sill 



s e 




e £ J: 2 

|| 8*8 
c a-o o o 

•Hi'? 



= o ,E s 8 8 

s «.3 sjgs 





/ ElectroanaL Chenu 360 (1993) 161-176 
Elsevier Sequoia S.A., Lausanne 

JEC 02816 



Reproducible tritium generation in electrochemical cells 
employing palladium cathodes with high deuterium loading 
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Abstract 

. Reproducible tritium generation well above backgroun d has been observed in tightly closed 
D 2 S0 4 -containing cells in four out of four Pd wire catr-rfes of one type. Tritium analysis was 
performed before and after each experiment on the Pd, the Jectrolyte and the gas in the head space 
No tritium generation was observed in four identical Pd cathodes in H,S0 4 cells operate* at the same 
time under the same conditions. A cyclic loading-unloading regime with low current densities, rather 
than the usual continuous constant current regime, was employed to attain D/Pd and H/Pd loadings 
of 1±0.G5 reproducibly. D/Pd loadings greater than 0.8±O.O5 appear to be necessary to generate 
tritium. The largest amount of tritium, generated in 7 days of continuous electrolysis, was 2.1 xlO 11 
tritium atoms, compared with a background of 4x 10 9 tritium atoms. The concentration of tritium and 
its axial distribution in the Pd were determined and concentrations of up to 9 X 10 10 atoms/g Pd were 
found compared with a maximum background of 5 x 10* atoms g~ \ The T/D ratio in the Pd is about 
100 times larger than in the electrolyte or gas and indicates that tritium generation occurs in the Pd 
interior rather than at its surface. No tritium generation was observed in two other types of Pd 
electrodes in D 2 S0 4 . despite the attainment of D/Pd ratios near 1 : 1. Thus high D/Pd ratios appear to 
be a necessary but not sufficient condition for tritium generation in D->S0 4 electrolysis. 



INTRODUCTION 

^ Since Fleischmann. Pons and Hawkins [1] published their original paper on 
"electrochemically induced nuclear fusion of deuterium" at ambient temperature 
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Fig 3 Tritium spectra: (a) tritium standard (1000 dpm mrt. (b) one of four Pd e^ces after 
e^riment 3 of Table 1 applying a closed-system analytical procedure described elsewhere [29]. 

;-^«r1^ remains to be established, it is clear that deuterium and tntmm 
are intimately involved in them. 

CONCLUSIONS 

A cyclic charge-discharge regime of Pd in aqueous sulfuric acid solutions 
emDloXg low current densities of typically only 5-15 mA cm p leads to the 
r^Z^liL^of H/Pd and D/Pd loading ratios ofl ± MS as ob^ved 
for 16 out of 16 Pd electrodes. Tritium accumulations up to 57 times background 
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Fig. 4. Axial tritium distribution in Pd cathodes after D : 0 electrolysis in experiments l 

using analytical procedure described elsewhere [29]. ND, not detected (the detection limit is 5 x 10 8 
atoms) (gPd)" 1 . The numbers give the numbers of atoms per gram Pd. 

were found in four out of four tightly closed heavy water cells, employing Pd 
electrodes of a certain type, whereas no tritium above background was found in 
four light water control cells run with Pd electrodes from the same wire under the 
same conditions and at the same time. No tritium was found in four heavy water 
cells employing Pd electrodes of another type or a Pd + Li alloy electrode, despite 
having attained D/Pd ratios of 1±0.05. D/Pd loadings exceeding 0.8 ± 0.05 
appear to be a necessary but not sufficient condition for tritium generation. 
Metallurgical factors also appear to be significant. The difficulty in attaining D/Pd 
loadings exceeding 0.7 with continuous rather than cycling loading methods, 
coupled with the as yet unknown effects of the Pd metallurgy, probably account for 
the failure of many groups to observe measurable tritium generation. Specific 
tritium yields were between 4.3 X 10 10 and 1.1 x 10 11 atoms cm" 2 . compared with a 
range of values from 25 X 10 10 to 6 X 10 12 atoms cm' 2 as determined by seven of 
ten other groups reporting tritium. Average tritium generation rates in the four 
heavy water cells ranged from 5 X 10 4 to 2xl0 5 atoms s" 1 cm" 2 . This is 
equivalent to an average power level of the order of 10 " 7 W, which is too small to 
be detected- The T/D distribution over the three phases— Pd, electrolyte and gas 
— is highly non-equilibrium, with the T/D ratio approximately 100 times larger in 
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the Pd than in electrolyte or gas" This indicates that the tritium is generated inside 
the Pd, where it is found at levels of up to 9 X 10 10 atoms (g Pd)" 1 . Based on 
previous analyses of 54 as-manufactured Pd samples of the same type of 2 mm wire 
from the same supplier, which had resulted in no measurable tritium within a 
detection limit of 5 x 10 8 atoms (g Pd)~ it appears that the tritium in the four Pd 
electrodes was not caused by accidental contamination of the Pd. Since up to 57 
times more tritium was found in the tightly closed cells after heavy water electroly- 
sis compared with that present before, the tritium must have been generated in the 
cells. Based on the large T/D ratios in the Pd electrodes, it is concluded that the 
tritium was generated inside the Pd; only nuclear reactions, whose nature is as yet 
unknown, could have produced the observed tritium. 
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